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Seismology 


iIoiohiuutioS op csasm com oam counnsm 


mum wins , _ 

Mmni sir*h uU loNarl B. Harman (Dopartaont of 
Urlk aod StaoaptawM SoIomii, Salat LchiIi Oalvtr- 
■llf , r, 0. Box 8099, St. Loula, HO 8J13S) 


i ooataar up Of nrutal Q valaoa for tba retire 
Pul tod SUUi to pmontoi bind oo ■ ititUrlii aodil 
to explain thi ooda n*u of looxl u rnr rational 
urtbnikii. tkin soda 0 tiIuii im In good «PM- 
lut vtth Q of Lg aiTta, Data an obtained fren rear 
KQ loul wfthtu ta i, trttb moil natal tudon baivau 
3.0 BBS 3.0, noon *4 t>7 as mssi us ar lrsh niattoaa 
thnufkout tfco ooiUMUl United SlBtoa. Ttitu two 
■tit of dtU prorldo ■ rente of frequMOlea tram 0.5 
to J.5 Bx. 1 rreguinoy dependenae of Q io obiarvad 
in th« inti of rroquooolM eouidind, k pom tin 
dopoUoBM of tlw ton 0 ■ 0. CWf P lo ■ lowed. At 
value or froduOMf dapoodun q, i* found to bo aix- 
1 m to Iki tootOBiodlf mIIto uiotora United SUtoi 
tad Hoot is the it ib to ration* of tbo oootrol ud 
mill (antral Doltod Stttoi. 

At lovut Q. txImo m obtained la tho waatare 
Salted tutu, nth relure roagiDi fra 140 to 100 tB 


tho Could HUM, iviroso ornetal Q hum for At 
Hula tod lull provim tbp| frel 200 to 300, 
taorniint gradually to 400 la At Colorado Matou 
refine. 0 relure la Ut Colublx Miteau varp fra 


200 A 400. O valuta lurout titj rapidly aloof tba 
ooptul lad Mutlaro Rooky Htaatalu Am 400 to (00. 
■ut of Um (oaky Mountain 0 valuta lnoruaa trade-, 
illy la tin latwlor Rilu to a rexiaue telovol 
•round 1100 la Ul HloaUatpPl tatnjreoat. n(lH, 
fartbir aut CL valuta dodruto tredoaUr to U aleoat 
eonaUot value of 1000 At ipulitUu Mnd- 
tala*, Create! ntlooi of vutira and northautern 


Oaltad Statu kata a eruatal (L value batvren to 
TOO. lofloox of aorta laatral Ini ; Mf Coadtal Plalna 


tkou.lM 0. TUMi,'ruRlng Am 100 to 400 and le*V 
UM oowm faatar Wf.J, a aaaaufo of Ul intautty 
of puttarUki ' no enaioad . for Mitral 'dlfforwl 

;■ ro«lou of Uo, uatlnoatal ttaluid. |ta|«a> Rnstau of 

W*h o # veluea oxfclbLt U«:laLowIiy of. aottUrlBk..:' 
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VOCAL IWTHfl OT IMUCWT l ^ ™ ^ AND 

RAMHQU/MS AKD THEIR IHr^Tl^ raXTHE THBRKAU 
WKMAMICAL PZOPBRTIM W TOB WTHOSPHEU 
W-U-Hn* Chan ID.qarUent of 

llunoii at Urbona-Ctapalr'. il 61BQI) 

Building, 1301 V. draw Street, Urbane, ««*, biouij, 


Va Invaatigata tha distribution of *ooa L daptho for 
aarthqaikea that do ret appaar to £ 

■onau of recent aobduetlon, ualn* both ' 

analyau of individual araatn racoidod at tataulraic 
dlatancaa and publlohad data for both BlqroairtbqonkaB 
and larg.r avanu. A. daapaat imu «'« ,a 
railona oocnr In old ltthoapbara ^100 Ha)t and 
• uludtnx airth^naku In ictlvi aomtitn baltB, Uib 
daapait eruatal uBota occur la old eratona (tactonlc 
an 5000 HnJ. Tbarafora, ttaa taaparatura at tba uurca 
rialra la Ukaly totem l^nrtant factor dataralnlng 
nbathai datormntlon eccura aelaalcaUy or not. Aon 
aaelnaua of tba tup*™*"" 1 ,l thl 

annCB, "a conclude that thou Ualtlni tanp.rtturoa 
ara abut ISO to 4JD*C and 600 to BOO’C for enatal and 
HOtla aatarlala, mpnctlvaly. In lOTaral H|1 om of 
lacant contlnantal convarianca, In addition to ahallou 
eruatal iilonlclty, than la Mlaalc activity Ln tho 
uppetnoat uantle. Aa lower eniat, however, la annan- 
t tally aaalaalc. Va lnrar that both thi upper uuatal 
and tba untie aalanlc ragLona cor raa pond to ibaea of 
ralatlvaly high atrangth, and that chBy ara aaparatad 
by a ibna of lower atrangth ln Ae lower eruat where 
■aelaelc, ductile datamation predeaLnatea. Ala 
alapla tntarprautloe la qualltactvaly In agreenant 
with ucrapolacad value a of brittle and ductile 
attingiha of geologic uteri all ocudlod under 
appropriate ptuaura and teaparatora candltiona tn the 
laboratory. A low atrangth loo a in the lover cruet 
night allow daeaehnant of cryatallina nappaa fra aha 
underlying motla (and lower croatal) ltchoaphara. Aa 
apparently graatar itcaagth of uantle aaterlale than 
oruatiL netertila at tha uaa taaparatura UpUaa that 
ocaanlc llchoaphare la ouch atronget than continental 
llthoapbera, ud thla difference nay aecount for why 
plat* teeconlea varba wall In ocunle nglona but not 
In coniLnanre. (Foul depcha, lntrapleta aarthquahaa, 
rheology of tha ilthoaphara). 


J. Daophya, Raa., Red, Paper 21160? 


B970 Structure of tha emit and upper untie 

CWJSTflL m upper HwmE structure of 

THE EURASIAN CONTINENT 


C. C. Feng end T. 1. Tang (Depirtunt of Geological 
Sciences > Uni varsity of Southern Celifornle, Lot 


Angeln, Cgliromli 90089-0741) 

6roup velocitlei qf fundemntel-ude Raylelrfi wivei 
or 109 Mivepathi within Euraste hew been niiurad by 


on liproved frequency- tie* enilyals technique. Sto- 
chutlc Inversion theory Is applied to the eilxed-path 
maiurmnts to extract pura-path group velocities of 
10 < 10' arid eleaente that fora the subdivisions of 
tureild. Then, ■ three-dlnemlenil crust and upper 
l ™. n £l* structure cf the Eurasian continent to a depth 
of S00 k* Is constructed! 

The evarage crustal thickness of Eurasia la foimd to 
be ibout 40 fcee. Mnonully thlefc crust frm B0 to ' . . 
K ta 1* obtained In .areas of Tien Sian, the Altai 
Muntalnii Afghanistan, Pamir, Tlbst and Buna. > Among 
thou, Tibet h« the least derad crust and highest 
«*. TM» Imllps that at least part ot'the . 
o lent I on of Tibet li due to liMtotlc ccmpenaatlon. 

The upper mantle seismic velocity of the tectonically 


Kllve regions of- Asia Is considerably lower than that- 
• 4(5 Siberian erttops: If high velocity 

Wiles high rigidity, this explains that VoraP-icale 
. tectonic deforeatlonx of Eurasia occur In region* with 
—»r nntla that dafbnu more plastically. 


weak upper nnt la that defbnu more plastically. 
.Rogloos telt|s itrooger upper mantle remain relatively 
” •*]» Cl ally, evident far the Terri- 
taetcnlc. dsforoatihn ae e conceouence Of tha . 


6970 Structure ot the eruat sad upper aantla 
BBlUiOTHCTOHlCfl OP SOUTRERH IRANI TUB U1AN I.1NK 
Katharine Kadloaky-Cade (Daparlnent of 
Ooologleal Belaneai, Cornell Unlvaralty, Ithaen, 
Hew York, 14851) 

Kuawla Barilangl 

SotiDOiactonla elwraeearlectae of tlie trana- 
Itlan area between tho Zagroa oanilnontol 
go LI talon isna and tho Hakran neon n-contl none 
convargonca sane (Llui 'Onen Lino'} ara carefully 
asaalnad. A northern) c trending anno of oartli- 
quakoa tornliutaa tlw Zagroa bolt oT aolaaloLty 
Juat wool of tha Oaan Lino. Tlilo irlaaln rono 
oattnda narthonatwaril beyond tho Noln Zagroa 
Thruot and colooidao with a aurfaco aacorpnout 
olaarly vial hie on 1AND8AT loagory. Bvonto with 
aoauratoly dacoralnad dapilie along thla aalanla 
aono oocurrad In tho uppor 10 ka of Om cruet 
and pooalbly ahou a shallow «10‘) northoattward 
dtp. Bant of tho (man Liao, tha Zondan-HLntb 
rault eyetoa lo raUtlwoiy aoaloalc. Tho (kun 
Line region way bo charactarliod by undorthruit- 
Ing of a uodga of Arabian aboil odga boneath 
Iranian cruic or by an Indentation of Arabia 
Into the Iranian oruatal block aa a proaontory. 
Available aaiaaologlcal and gaologlcal data can- 
not uniquely dlatlngulah batman thaan two 
poaalblo tectonic oattlngi. Tha area locitad to 
cha northuaat of the Obu Line region, now a 
aone of contlnantal coll la ion, appear* to have 
boon charaatarlaad by on apleoda of Roogeno 
■abduction, A mil-located, lnternadlau-depth 
Mrthquaka oeourrad la thla area to tha nor th- 
reat of tba Kata Zagro* Threat on Hovaobar 9, 
1970. It waa acourncoly located at 107-ka depth 
beneath a line of Quaternary volnanooa. Ita 
Focal nechinlre a*y lndloata downdip tanalon, 
with nodal planea that etclka eloaely parallal 
to tba trend of tho Zagroa are. Coaparlaon of 
thla avant and other cooteotonio featuraa In 
thla port of Ann with ttaoaa La other active 
convergent lonu auggreti that a daieandlng 
oceanic Uthoapbera boneath tbo Zagroa volaanlc 
aro may otlll bo attashed to tha colliding 
Arabian plaea- (Taetenlca, Boutborn Iran, 


Zagroa, Oaaa Lina). 

Tec tonic a, Paper 2T1S69 


6975 Bcmctnre of the earth'a interior below tha upper 
nontln 

A H0DRL POR THE TOflHATlON OP THE RARIH'B GOBI 
C.a. HcCaaonn, A.B. Ringvcod and l> JaoheM (Raaaorcb 
School of Earth Bclaneu, Auaerallan Hatlonnl Onlwerolty • 
Canberra A.C.T. 26m Aiiarralla} 

Tha raoene dlacovery of a pbaae tranaforoatlnn In 
Fo. -.0 by JaanloB and Ahrena hea allowed a more dataU- 
ad dWelofeient of a modal for core formation Involving 
oxygon aa tha principal light- alloying alreant In tho 
corn.. It la predicted, bared on calculation*, that an 
lncroaolng preaaura in, the pyotam PoO-HgO will result ln 
a gradual imlutlm of an alooet pdro hlgh-preaoura 
nhaaa FoO(hpp) , leaving an l«m- depleted (Fe,Hg)0 Rtolr 
■alt (Bl) phaaa. Ha elao predict that PeO(hpp). #111 
form a lcv-oalrlng paint alloy with fa it high ttnperat” 

. ora end high praieura.t. Oo tha bapi* of onr Interpret- 
a tin oa, *e have oim*«urred a modal /of onto aegragatloo-. 
Ae Burning the earth to havd adoratad!fr«f tha primordial • ; 
■alar nebula at a ralatlvaly hcMogepooua mlaJtiiro of 
metallic iron and ailieawvoxld* phahaa ; ,wn ■agregat'; • . 
Ion Involving oxygon Voold co rei o nn a at o depth whore 
preaaura la aufflciantly high ta caure resolution of 


pruiun ib luuicioDuy 

. no (hn) from tha rookaalt phase, and taaparatura la 
’'aufflclootly high to. Allow foreetlon of on Te-?oO(hpp) 
■ret., A 'gravitational inettbUlty attoao, laadlhg J® • 
. : varrtonl diffarentiatlno ar tba earth oe molten hlaho w 


■J.k-fe 


. , a; Vwus;* w tSe 

'Collision uf li*41a ylthEuratl Oil. • it." 

34 Coophya, liM., Red, PapAjvfBl#)) . 

* ■ ' '■ ' ' • • **i; -vru ' ' ‘ 


. . ----- -- — . — : i , 

the metal alpk dcwwatde m form cha cpro and tha . 
tdool daplotad • tiles te Mtarlal aoaUacte ta form ten* 

• bodies which rlea duiirloaUy opwhTdo to foe* t“ . , . 
■' mnnUa. (poMigQ, note farhetton. ihitft preaajte, pbega _ 


' dqqiu «uw 1 u*»p***»re*A 7 ■■ * — : i . 

aftoata C?bO4C80h Wi , 4 

■i trpnoforaatiMi) . • J •> ■. - . • _ 

'f. ooopl^a, Rap. j Red. Pajlar ZH1443‘ V 
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Methane: Mantle 
Depths to Crust 

A few years ago, Thomas Gold, Cornell's 
famous astronomer, entered die earth sci- 
ences by discovering, so he says, that methane 
gas is released from deep in the ea nil's man- 
tle and is now trapped in large reservoirs 
within the crust. For a number uf good rea- 
sons the idea has continued to bounce 
around the geological community for a while. 
The main attraction is that if Gold is correct, 
abundant energy sources can be lapped into 
the next miiienium. Unless strong evidence is 
found to dispute his idea that most methane 
emissions from the crust arc nbiogenic, it 
seems wise to go on testing the concept. In 
spite of the title in ridicule, 'Mantle meth- 
ane— Fool's gold?,' of a recent article by the 
Planetary Sciences Unit (PSU) of the Univer- 
sity of Cambridge, England (Afafuiv, Nov. 25, 

1 982), it was determined that the idea of 
commercially exploitable accumulations of 
abiogenic methane should be checked out. in 
the words of the PSU, 'The possibility that 
primordial methane still uulgases from the 
Earth, forms commercially exploitable accu- 
mulations, and is involved with higher hydro- 
carbon formation cannot be dismissed out of 
hand; constructive research and exploitation 
is necessary.’ 

There seem to be at least three methods to 
teat Gold's ideas. One is the expensive, super- 
deep drilling program suggested to the Unit- 
ed States Department nf Energy l>y Gold and 
his supporters. Another is to analyze natural 
meLhane for its carbon isotope ratios to dis- 
tinguish 'primordial' carbon-rich methane 
from the common biologically bound and 
produced type. A third approach is to exam- 
ine the geochemistry of methane, analyzing 
its stability fields under deep mantle condi- 


tions .to see whether it could survive. The 
first of these is too easily to attempt without 
ninie evidence. The second can be done, but 
so far the results are noncommittal. The 
third could be done experimentally, but it 
would take time. 

Meanwhile, Gold is stimulating further 
conjecture. For example, there is methane as- 
sociated with 3 He, which is 'universally ac- 
cepted ns a primordial telluric gas component 
incorporated at the lime of the earth's forma- 
tion,' and methane has been observed in a 
Russian deep drill hole (Nature, op cit.). The 
methane from midocean ridges, volcanic ar- 
eas, and tectonically active zones could be 
abiogenic, or it could be recycled, geologically 
old gas. If so, carbon-14 dating techniques 
cannot be employed. Stable carbon isotope 
ratios l3 C/ ,J C and hydrogen isotope ratios 
D/H could offer useful correlations, but the 
systematica are not well determined. For ex- 
ample, the ratios of stable carbon isotopes in 
natural diamonds vary excessively for un- 
known reasons. By the same token, there are 
precious few numbers of analyses available. 
What is known is that methane is a very sta- 
ble form of carbon on the earth, in space, in 
the universe. Methane must have existed in 
the primordial earth; it exists now.— PMB 


Mauna Loa Lauded 

The American Meteorological hm.ii.-iv 
(AMS) reremly dcsigiiaicd ilie Mamu Loa 
Observatory in l-lawaii as the tecipiem of the 
AMS Special Award. Special awards are made 
to individuals or organizations not appropri- 
ately recognized by more specifically defined 
awards and who have made important contri- 
butions to the science or practice of meteorol- 
ogy or to AMS. 

The Mauna Lon Observatory was cited lor 


‘service to the scientific community for pro- 
viding measurements of the chemical and 
physical background state of the atmosphere. 
The continuous records of CO* and atmo- 
spheric transmission, in particular, are inter- 
nationally unique and specially important as 
basic information applicable to understanding 
climate variability.' 

The observatory, constructed in 1956. be- 
gan 2 years later to record CO* concentra- 
tions and atmospheric solar transmission. 

The COi measurement record, obtained co- 
operatively with the Scripps Institution of 
Oceanography, is the best uninterrupted i-e- 
cord or its kind. Other key measurements in- 
clude precipitation chemistry, surface and to- 
tal ozone, and atmospheric aerosol concentra- 
tions. Mauna Loa is a component of the Air 
Resources Laboratories, Environmental Re- 
search Laboratories, of the National Oceanic 
and Atmospheric Administration. 

LANDSAT Support 

A $5.3-mi!lion I -year contract has been 
awarded to the Computer Sciences Corpora- 
tion in Silver Spring. McL, to provide support 
services For operating the LANDSAT 4 satel- 
lite system, the National Oceanic and Atmo- 
spheric Administration (NOAA) recently an- 
nounced. LANDSAT 4, launched in July by 
tiie National Aeronautics and Space Adminis- 
tration as pari nf :« scries of research satel- 
lites. helps to furciasl crop yields, manage 
rangelands and forests, aid in the exploration 
for minerals and petroleum, assess water 
quality, gauge the effects of natural disaslcis, 
and plan land use. 

The contract to Computer Sciences Corpo- 
ration contains an additional 3-year option 
for a total of nearly $25 million over -1 years. 

NOAA nssumes responsibility fui the satel- 
lite ai the end of January. 


January 11, 1983 EOS 

OTA Congressional 
Fellowship 

The Office of Technology Assessment 
(OTA) is seeking qualified candidates from 
academia, industry, and government far its 
Congressional Fellowship Program for 1983— 
1984. The program, similar to AGU's Con- 
gressional Fellowship Program, provides an 
opportunity for individuals who have demon- 
strated outstanding ability to gain a better un- 
derstanding of science and technology issues 
facing Congress and the ways in which Con- 
gress establishes national policy related to 
these issues. 

OTA will select up to six fellows for a 1- 
year stint, which begins in September 1983, 
nn Capitol Hill. The program is open to men 
and women of all disciplines who have dem- 
onstrated exceptional competency’ in the 
physical or biological sciences, engineering, 
law, economics, environmental and social sci- 
ences, or public policy. Candidates must have 
completed research and training ul the doc- 
toral level or have equivalent experience, as 
judged by the OT A fellowship selection com- 
mittee. Salaries for successful candidates trill 
range from 524,000 Lo $38,000 per year, 
based on the fellow's current salary and/or 
training and experience. 

Fellowship applicants are required to sub- 
mit a resume (up to two pugc*) that lists edu- 
cation, experience, area(s) of special interest; 
a one-page list of published works; three let- 
ters nf reference; and a statement of roughly 
1000 words addressing the applicant’s princi- 
pal expectations of the fellowship program 
and his/her expected contributions to OTA 
during the program. For additional informa- 
tion, write tn Congressional Fellowships, Per- 
sonnel Office, Office of Technology Assess- 
ment, Congress of the United Smics, Wash- 
ington, DC 20510. Applications for the 
fellowship and letters of reference should be 
sent to the above address no later than Feb- 
ruary II, 1983. The letters of recommenda- 
tion should be sent ditccily to OTA. 



Land and Stream Salinity 

J. W. Holmes and T, Talsma (eds.), Dev. in 
Agr. Eng., vol. 2, Elsevier, New York. 392 pp., 
imU, soo.no. 

Reviewed by Mohamed T, El-Ail irv 

Soil salinity and salinity in water supplies 
are two major problems facing agricultural 
production in many aritl and semi-arid re- 
gions of the world. Salt, in varying concentra- 
tions, occurs naturally in Ixiih soils and wqui- 
fers. However. sitliuUy problems usually re- 
sult from man’s interference with natural 
processes and disturbance of the hydrologic 
balance. For example, the clearing uf trees in 
southwestern Australia and the breaking of 
native sod on the Great Plains of North 
America for wheat cropping have reduced 
evapotransplration. At tlie same time, over ir- 
rigation in dry regions concentrates dissolved 
salts in the soil profile, while Irrigation return 
flows add to downstream salinity problems. 
These problems arc of great economic signifi- 
cance, and opportunities arc being sought for 
improved drainage and for interception and 
disposal of saline groundwater. However, 
these structural solutions are capital-intensive 
and quite expensive to say tlie least. The 
most cost-e(Tcciive measures, but also the 
most challenging, are in the areas of im- 

E roved on-farm water management to reduce 
isses, modified cropping patterns, selected 
retirement of marginally productive lands, 
and basin-wide water resource management 
with regard to both quantity and quality ob- 
jectives. 

This volume is a reasonable contribution to 
the understanding of the problem of land 
and stream salinity and of control efforts, 
with major emphasis on dryland salinity and 
little emphasis on irrigated lands. It contains 
19 papers presented in an international semi- 
nar and workshop held in November 1980, in 
Perth, western Australia. The objectives of 
the workshop, as stated in the introductory 
section, were (I) to review the slate of knowl- 
edge of processes involved in land and 
stream salinity and to consider its application 
in different environments; (2) to identify gaps 
in research and development and to desig- 
nate priorities for saliniiy control; (S) to iden- 
tify alternative land and water management 
strategies for salinity control; And (4) to give 
a degree of emphasis in the above objectives 
to salinitv problems in southwestern Austra 1 
lia. The last objective was well met with ,1 1 of. 
the 19 papers dealing with salinity issues in 
Australia while six papers dealt with prob- 
lems in the United Stales, one with the Neth- 
erlands, and one with. Israel. 

The papers discuss six broad topical causes 
oi dryland sajinity (two papers),' transport of 
salt through the soil (four pipers),' groundwa- 
ter systems (four papersJi prediction pf , ; 

stream and reservoir salinity (four papers), 


soil ni id |ii»in niiumgctiifiii (two papers), ami 
land water miiitngemcm (three papers). The 
quality ol the papers vary from sophisticated 
and sound models based on auunl field mea- 
surements, to mathematical speculation, to 
papers which seem almost contrived m fit the 
occasion of the workshop. 

The volume underlines the need for solu- 
tions to saliniiy problems in the recharge ar- 
eas, ns opposed to tlie treatment of the saline 
dischsirgc areas. Besides their cosi effective- 
ness, such solutions would also result in water 
conservation. However, it is rIsu indicated 
I hat customary engineering solutions such as 
shallow and deep drainage to remove saline 
water should not be rejected and that the dis- 
posal of the saline water must be considered 
carefully, hi this regard, the U.S. Bureau of 
Reclamation is considering the use of highly 
saline water from tlie Upper Colorado River 
Basin in coal slurry pipelines as well as for 
oilier energy-related uses. 

Mohamed T. El-Ashty is with the Office of Nat- 
ural /i«ourc«, Tennessee Valley Authority, Knox- 
ville. Trail. 
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/ninmn WATER 
RESOURCES AND 
THEIR FUTURE 

^ ISBN W576W 224-3 (1979) 

M.l. L’vovlch, translated from the 
Russian, English translation edited by 
Raymond L. Nace 

Three problems of major concern are cov- 
ered In this book; the world water balance, 
world freshwater resource*, and ways of 
solving the water problem based on the 
long-range forecasts of world water re- 
sources. Not only are theoretical aspects of 
hydrological science of concern but also 
discussions that will aid approach 16 practi- 
cal problems. 

• 4l6 pflflfea •lift price $34,00 . 

• 30% discount to AQU, members 

Send your oiders to-. : - WjT ~i 

American Geophysical Union 

2000 Bolide Aveniw. N.W. * : , ■ 

‘ Washington' DlC. 20Q09 " - 

.. OTdei? under $90,00 fnujt be prepaid. 

Call 800-424-2488 toflifren I TEH i 

.• 462-6903 (tea!!.,. ’ — J 


Transition and 
Turbulence 

R. E. Mever ted.), Math Res. Center Simp, and 
Ailv. Stimuli) Sri., Academic.. New York, ix + 
245 pp.. 1981. 515.50. 

Revineed by S. A. Thorpe 

Naturally occurring fluid flows me seldom 
in a state of rally developed turbulence, ex- 
cept near boundaries. Tlie upper atmosphere 
and the ocean, in and below the thermocline, 
are dominated by wnve-like motions. Turbu- 
lence when, and where, it occurs is sporadic 
and short-lived; it is transitional rather than 
maintained. The subject of this volume is 
thus of importance and relevance to scientists 
concerned with understanding the motion 
and mechanics of 'geophysical' fluids. 

This volume contains 12 (sadly not all) of 
the invited lectures at a symposium held at 
tlie University of Wisconsin in October 1 980. 
Many of ihe distinguished authors oIFer very 
forthright and refreshingly clear commentar- 
ies on the state of the art and, in particular, 
on the areas where perspectives differ. 

There are two major Lhemes. First, there if 
the concept of successive si ages, reached by 
bifurcations, through which a flow passes en 
route from a laminar to a turbulent state. 
DiPrima and Benjamin describe those in flow 
between rotating cylinders (Couette flow, 
steady Taylor vortex flow, periodic wavy vor- 
tex flow, quasi periodic wavy vortex flow, 
chaotic flow) while Busse discusses those in 
thermal convection (no motion, convection 
rolls, bimodel convection, oscillating bimodel 
convection, spoke pattern convection and 
chHOtic motion). Spectral methods are now 
widely used to'describe the flows. After half a 
century qf investigation, the theory of steady 
flows (those that follow the first bifurcation) 
seems reasonably secure, but that of unsteady 
flows is yet rudimentary; turbulence is yet 
some way ahead.. 

The second theme is that of coherent struc- 
tures. Awareness of organised pniteriis in tur- 
bulence dates back nearly 3 decades to the' 
'large eddy 1 concepts of Townsend, and is 
perhaps germane to the ideas of Malkps and 
others of marginal stability, of turbulent Rows. 
Attention has been drawn to these features 
by laboratory work, notably. Brown arid Rnsh- 
ko’s experiments, and this has encouraged 
the recognition, that measurement of statisti- 
cal quantities alone provides 1st bqav only a 
partial 'understanding of turbulent flows * 
dynamics, The question of whether br not 
these structures, which resemble those found 
at the onset of instability, are truly inherent 
in fully developed turbulence or nre.simply a 
remnant or a transitional Instability, la per-, 
haps now academic. What Is dear is that, as 
Laufar puts it, 'the initial instability of the 
flow can have a surprisingly strong influence 


on it* subsequent development: thii*. the in- 
stability niul the subsequent turbulent stale of 
the flows are coupled.' 

Tlie text is lightened by several cmei min- 
ing remarks. Vurticity. says Safl'man, is ihe 
'sinews and muscles nf fluid motion.' Lunilcv. 
critical of conditiuual sampling which teveais 
structures, likens them io ‘the birds in an 
Escher woodcut, that are formed by the 
spaces between oilier birds.' He ‘cannot call 
them non-existent, since they are there, but 
they are formed by cha nee juxtaposition of 
other, relevant, structures, and have no sig- 
nificance.' It seems to me a pity that the vol- 
ume is so poorly finished. The reviews de- 
serve belter presentation than dial of type- 
written pages with their numerous 
typographical errors and crude figures. 

There is a short index, and each review in- 
duties its own list of references. Perhaps the 
fairly low price, making this excellent account 
of recent developments available io many 
readers (and graduate students will find 
much of great value), justifies the poor quality 

5. A . Thorpe is with the Institute if Oceano- 
graphic Sciences, Worm ley, Gadalming, Surrey, 
UJC. 
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Toward a United States 
Arctic Research Policy 

Stains of Arctic Reseank 
Coordination 

Of all countries bordering on (lie Arctic, 
the United States is the only one without a 
national institute, laboratory, or any other 
organization devoted to the sustained 
planning and support of Arctic research. 

Up to now, the responsibility for plan- 
ning, implementing, and funding Arctic 
research has been divided between seveial 
federal agencies, the state of Alaska, and 
private groups whose mandates or objec- 
tives are often unconnected. 

The result of this pluralistic approach to 
U.S. science in the Arctic is Lhat basic re- 
search lias been ennd tided in piecemeal 
fashion. Individual studies are proposed 
and supported separately, and their costly 
logistic requirements must be funded in 
competition with research carried out un- 
der less- demanding environmental condi- 
tions in the rest of the country. Funda- 
mental data-gatliering and interpretation 
of in formation lias been die responsibility 
of public agencies whose missions arc sep- 
arate and whose budgets may not reflect 
the priorities of Arctic issues. 

Applied research lias often been propri- 
etary; as industrial research became domi- 
nant in volume and continuity, much sci- 
entific information and understanding of 
Arctic pvoccHcs moved out or the public 
domain. Development often preceded the 
acquisition of necessary scientific knowl- 
edge; indeed, scientific research in the 
Arctic has frequently been supported as a 
corrective measure only after the need for 
such knowledge was made apparent by se- 
rious mistakes or problems. 

A boom/bmt development characterized 
most U.S. Arctic research, as scientific 
thrusts, often short-term and unrelated, 
followed one another, because nr the lack 
or continuity in science suppori, teams 
that achieved scientific advances disinte- 
grated after completion of their missions, 
often without complete documentation of 
their work. At later dates, whole new 

! (roups had to be formed to resume stud- 
es on the same subject. Long-term re- 
search has been losing progressively to 
short-term crash studies. 

This state or affairs is in sharp contrast 
with Arctic research and Arctic science 
policies of most other circum polar na- 
tions. The Soviet Union, for instance, has 
clearly defined goals toward which their 
Arctic policy and related research thrusts 
arc oriented; an estimated 20-25 thou- 
sand scientists work on Arctic research 
there; no less than 170 scientific institutes 
are involved in research linked to ofTshore 
oil and gas exploration and exploitation 
alone; 37 Arctic research vessels and 19 
icebreakers arc available; and vast num- 
bers of institutes and specialized technical 
and vocational schools develop human ex- 
pertise in a concerted effort to achieve the 


Soviet Arciic policy goals. 

In the past there have been several 
high-level attempts to coordinate U.S. 

Arctic research programs. For instance, 
the Interagency Arctic Research Coordi- 
iu ling Committee (1ARCC) was estab- 
lished in 19G7 and given a number of spe- 
cific tasks. A few years later the expecta- 
tion oT an accelerated pace of activities in 
the U.S. Arctic led to several U.S. policy 
derisions. In particular. National Security 
Decision Memorandum (NSDM) 144 of 
December 2 1, 1971, established as nation- 
al policy '. . . that the U.S. will support the 
sound and rational development of the 
Arctic, guided by the principle of mini- 
mizing any adverse effects to the environ- 
ment; will promote mutually beneficial in- 
ternational cooperation in the Arctic; nnd 
will, at the same time, provide For the pro- 
tection of essential security interests in the 
Arciic. . . .* 

Unfortunately, mechanisms for funding 
and Tor the adequate implementation of 
these policy derisions were not developed 
concomitantly. In 1978 the President's sci- 
ence adviser informed the pertineni agen- 
cies of the formal dissolution of IARCC. 

A recent study conducted by the Dtpnrt- 
ments of Interior, Dtfenst, and Energy [19821 
came to the conclusion that \ . . the inten- 
tions of NSDM 144 have never been Im- 
plemented and the U.S. lacks an explicit 
arctic research policy/ 

Difficulties in the Establishment of a 
National Arctic Research Polity 

Several factors contributed, to the diffi- 
culties In establishing a U.S. national re- 
search policy for the Arciic; 

, Alhifefoj national, and international inter- • 
erfr.i ■ Alaska Is the only UiS. stale In arctic 
and subarctic territory. An Arciic research 
polky it thus viewed by many as s re- 


many of the scientific and technological 
problems are perceived as being of pre- 
dominandy 'Alaskan interest/ consequent- 
ly, they are expected to be funded mostly 
from Alaskan sources. In turn the Alaska 
state government is reluctant to support 
specific Arctic research programs whose 
intended beneficiaries are spread over the 
entire nation. To counter these argu- 
ments, one must point out that the re- 
source development in the United States 
arctic and subarctic regions and adjacent 
waters and the deployment of defense sys- 
tems at high latitude have become, and 
will remain, a vital part of our entire na- 
tion's economy, trade, and security. And 
one must point out that U.S. interests in 
the Arciic extend far beyond the bound- 
aries of U.S. territory, waters, and ait- 
space. The United States has vital defense 
interests in the entire Arctic Ocean, 

Northern Canada, and Greenland. It has 
extensive scientific research interests in 
Northern Canada, Greenland, and Sval- 
bard and vital interests in the internation- 
al economic and cultural policy issues 
common to all circumpolar nations and 
their native people. 

The definition of ‘Arctic.’ Another com- 
plicating factor is die very definition of 
the concept 'Arctic' in the context of a 
U.S. Arctic policy. The Arciic is normally 
thought of as a geographical region, one 
that can be defined by geographic coordi- 
nates. In the context of human activity, 
technology, and science, however, the con- 
cept of ‘Arctic’ is much broader and 
should be defined in an operational way. 
Indeed, when we talk of ‘Arctic policy,’ we 
think of it as applied to. or related to, 
those high northern latitude regions in 
which cold climate, long winter nights, sea 
ice, permafrost, ice fog. scarcity of fast 
surface transportation routes, and geo- 
magnetic and auroral perturbations are all 
factors that, individually or in conceit, im- 
pair the transplantation of ‘conventional’ 
lifestyles and technologies from lower lati- 
tudes. 

Facts, figures, and for instances. A third 
factor complicating the establishment of a 
national Arctic research policy is related to 
the difficulty of estimating the (substan- 
tial) cost of not having one. Frequently, 
politicians, the lay public, and scientists 
unfamiliar with Arciic research, ask for 
Tacts and figures’ about the uncoordinat- 
ed, piecemeal, boom/busi Arctic research 
endeavors and the related waste or finan- 
cial and intellectual resources. This is most 
difficult to provide, mainly because the 
really significant examples are not easy-to- 
appraisc blockbuster ’blunders,' but, i, idl- 
er, the myriad of incidents which, taken 
together, present a macroscopic config- 
uration whose impact is painfully evident 
to those who actually perform Arciic re- 
search but quite laborious to describe to 
others. A good account of examples of in- 
dividual incidents is given in Hickoh et at. 
[1981]. 

The multiplicity and interdisciplinary nature 
of scientific goats. The sheer number of 
Arciic research problems that await solu- 
tion is staggering. In the geosciences alone 
we may cite as examples of broad Arciic 
research goals: (1) acquisition of an ade- 
quate data base of key geophysical param- 
eters needed in long-term environmental 
forecasting; (2) study of global atmospher- 
ic circulation in the Arctic, circumpolar 
distribution of industrial polluLants, and 
related potential dimate impact; (3) study 
of sea-ice mechanics; (4) sea-ice forecast- 
ing; (5) study of pollutant dispersion in 
ice-bearing soils and ice-infested waters; 

(0) prediction of polar upper-atmosphere 
disturbances and effects on northern com- 
munications and defense systems; (7) per- 
mafrost dynamics, detection, and mitiga- 
tion of effects on structures; (8) ice-fog 


dynamics and potential mitigation. To this 
one must add less site-specific topics but 
ones of great site-specific importance, 
such as die geology and tectonics of the 


seardi policy for Alaska, a ’bohanza 1 few- 
Alaskan scientists. At the federal level, , 


Aleutian Chain, the Alaskan North Slope, 
the Arciic Ocean Basin, etc. Similarly, ex- 
tensive lists can be drawn for all other ma- 
jor scientific disciplines. Quite generally, 
Arctic science is eminently interdisciplin- 
ary in nature— Arctic phenomena and 
processes cannot be studied in isolation, 
Arctic studies are very expensive, and the 
need for coordination is dictated more by 
logistic considerations than by strictly sci- 
entific arguments, 

The military-industrial complication. Fi- 
nally, another complicating factor for Arc- 
tic research policy arises from the restrict- 
ed dissemination of information on re- 
search carried out by two crucial 'users’ of 
the Arctic; private industry and the mili- 
tary. The private sector has been reluctant 
to invest large sums in developing local 
technologies and solving local problems 
and, then, sharing the results with other 
competing enterprises in the north. This 
1 picture is compounded by an understand- 
able suspicion on the part of industry that 
national coordination or national policy 
setting could lead to greater, cbntrol and 
regulation. Yet, by and large, industry ' 
would be a prime beneficiary of an ex- 
paneled and more reliable public data 1 base 
on die IjrcUt environment and arctic pro- 
cesses and of belter and faster r conduits to 


greatly expanded sources of si iniiilu in- 
lot mill ion. On ihc military Mile, tin- De- 
partment of Defense is rehui.iiu to lie its 
Arctic research needs to a public Ait tk 
science policy. Such a polk y i annul cxplii - 
illy address nor iiuhide Depart mem <>l 
Defense research, hm it t.m In-Ip i u-ale a 
research c-iivirnmnciii coiidinive In pro- 
viding the Department of Defense with 
crucial information, environmental data, 
basic research results, ami abuse all, the 
expert manpower needed to answer mvii- 
ad relevant technical questions. 

Elements of a National Arctic 
Research Policy 

One of the most flillicult tasks in devel- 
oping a national Arciic research p»>li» v is 
to provide for a fair balance between in- 
herently antagonistic interests, .such as tin- 
thrust for profit-guided development and 
decreased governmental regulation ol in- 
dustry, the concerns lor adequate and 
long-term environmental and cultural 
protection of the native people, the uin- 
ccnis for national defense and related 
protection of informal ion of the military, 
and the concern for objective, unbiased, 
and open research of the academic com- 
munity. 

A national policy for Arctic research 
should take into account the (olluwing im- 
portant factors, which will bear mi, or de- 
termine, national decisions concerning the 
Arctic: 

1. The natural resource potential of tin • Arc- 
tic during a time of intense global competition 
for resources. It is estimated that as much 
as 50% of the total undiscovered oil re- 
sources remaining within the jurisdiction 
of llie United States occur in the Arctic 
[National Petroleum Council, 1981]. The 
U.S. Arciic also contains immense reserves 
of coal as well as strategic minerals and an 
extremely valuable marine fishery. 

2. The susceptibility of the Arctic envii ail- 
ment to man-caused change. Many aspects 
of the Arciic land, freshwater, and marine 
ecosystems are vulnerable to environmen- 
tal changes; recovery rates are slow, and 
some effects can be expected to be long- 
term. Many of the observations and stud- 
ies that would assist long-term planning 
and the minimization of undesirable ef- 
fects of human activities in the Arctic- are 
not yet available. 

3. The effects of technological and develop- 
mental changes on the lifestyles , values, and 
culture of the native population of the Alaskan 
Arctic. Alaska is clearly in a difficult peri- 
od of transition. Although native groups 
realize dial mute changes ate inevitable, 
they wish io thoroughly understand the 
many ramifications of proposed develop- 
mental decisions su that they can achieve a 
balance of economic and cultural well-be- 
ing. 

4. The strategic location of the Arctic. A 
thorough understanding of the Arciic 
environment is essential to an effective 
North American defense posture. Of par- 
ticular importance are all aspects related 
to frozen ground, arctic climate, sea ice 
and the Arctic Ocean, and the upper at- 
mosphere and ionosphere at high geo- 
magnetic latitudes. 

5. The need and opportunities for interna- 
tional cooperation and exchange of inf emo- 
tion. Much Arctic research involves the 
ocean, the atmosphere, and the biological 
populations— entities that do not conform 
to national boundaries. Thus it is impor- 
tant to have effective exchange of techni- 
cal information between Arctic nations 
and to expand the circle of cooperating 
nations. Yet the Arctic is one notable area 
untouched by existing or prospective in- 
ternational agreements [Bloomfield, 1981]. 

The implementation of a national Arctic 
research policy will require an Arctic re- 
search plan for the next 10 to 20 years. It 
should be the purpose of such a plan to 
accomplish the following tasks: 

1. Identify and assign priorities to Arc- 
tic research needs ana opportunities in 
the physical, biological, and social sciences 
that deserve special national attention. 

2. Provide a long-term commitment to 
Arctic research by assigning organizational 
responsibility for the coordination, man- 
agement, and funding of a program de- 
signed to meet identified high-priority re- 
search needs. 

3. Identify the relative roles in Arctic 
research of the federal, state, local, pri- 
vate, and university sectors, and provide a 
basis for their involvement in the design 
and conduct of an Arctic research plan. 

4. Provide for mechanisms and institu- 
tional arrangements to obtain an adequate 
data base concurrently with research on 
fundamental Arctic processes; this would 
go far toward Improving the prediction of 
long-term environmental changes associat- 
ed with Arctic resource development. 

5. Promote a concerted effort to obtain 
quantitative tinderstanding'of short-term 
hatural.and. anthropogenic hazards and 

, 'i ■ risks in the Arctic/ ana improve prediction’ 
i , and prevention capabilities, 

, 0. , Provide a clearinghouse mechanism 
for the timely dissemination of major re- 
... h - suits' and conclusions of public /research ^ 
t nOq proprietary private research/and un- .. 
'• classified milijary research; as well « i i fl- 


int iimmmii uti it-Lucti in,iii|iiiwf-i, l.ti ilutt-v 
ami i-qiiipuu-iit. 

7. Pi «w trie umiinuiii ami ni.iIhUu in 
Alt* it iCM-.mli mi lh.it routig siintiists will 
rutrt ami iciiiam in prolcvunn.il i.nn-is 
ill An lit invcMfli.iiimiv llu-u-ht providing 
a t Jilli- nl ii aim'd and t vpt i (t in i d ■qir- 

i utlisls. 

8. Sliumlalt- a n.iiiutialU iun-giaird 
means lot cvaliuiiut; labor. mu \ ami l«gi%- 
lit-s rrquii cun ills I'm tin- ttuulim u| Arctic 

i (.'search. 

9. Stimulate iuleni.ilinii.il innpei.ilinii 
in (lu- onliKimt nl | ii « dill'll is ul innuimn iu- 
tacst in iiorthcin (iii'unipnlai naiiniis. 

.Milmiigh the jii imip.il requirement in 
llie im piemen taunt i nl Ainu leseaitli pol- 
ity will in- a i.uetiilly planned inmdhiu- 
ttotn nl vvM-.mh ami iirioim.uum vx* 
tltange aiming paiiiripaiing org.uii/.uinm, 
ilieie is a need fur uririmmia! I muling in 
iluee aspi-i is: (I) in Mthsirii/e the high 
n Kits nl liigistii > sn that interested leseaith 
nrgaiii/uiiniiN, hutli puhlii and private, can 
paitii ipate ill an A retie research plan 
without having In augment the budgets ut 
their research proposals with intolerably 
high lugisiits lusts and thus jeopardize 
their competitiveness ill the tutmiuil re- 
search market; (Nute that Ini research in 
Aiitun lit a. logistics costs are uni im luded 
in individual proposals!) (2) m support the 
establishment and maintenance of tempo- 
rary or pcmiuiienl licit I stations in the 
Arctic; to .siippnn ice-streiigtlienerl vessels 
and icebreakers; to support data and in- 
formation centers, etc.; (3) to support se- 
lected research projects not explicitly in- 
cluded in the missions of existing federal 
or state funding agencies. 

Current Developments 

The Tala i Research Hoard (1982) ol die 
National Academy ol Seiem es established 
a Com 1 1 lit I ec on Arctic Research Policy, 
which lias produced a report entitled A 
United States Commitment to Antic Hruvirh. 

In this report it is remm mended dial the 
United States govern men I include a com- 
mitment to the siippou ol scientific re- 
search in its Arctic tciriiory ami in other 
areas of Arctic iiileiesl as a necessary ami 
integral pan of its national policies lor 
economic, technical, and social develop- 
ment. resource development, environmen- 
tal protection, national security, and intn- 
iiutioual cooperation in llie Arctic. Ii is 
further recoin mended lhat in assure pro- 
ductive polar research the United States 
government improve (he com dination and 
effectiveness ol ieder.il Arctic researc h 
programs .uid |>ro\idc siuhiliiv and umti- 

— mitry nPeHn n . — 

in parallel sviili the preparation ol du- 
al tnvc Academy re|HH t, Senator Frank 
Minkowski (K.. Alaska) introduced a hill, 
cosponsored by Senators Ted Stevens (R., 
Alaska), Slade l anion (K„ Wash.), and 
Henry Jackson (D., Wash.), entitled die 
Arctic Research and Policy Act of 1982. 
This bill lias been passed unanimously by 
die Senate Committee on (•ovcinmctilnl 
Affairs and was approved by the Senate 
tin December 10. The bill provides for the 
establishment of an Arctic Science Policy 
Council, whose purpose would lie to lacili- 
uuc cooperation between llie federal gov* 
eminent and stale governments with re- 
spect to Arctic research, to develop and 
supervise nu Arctic science policy, and to 
coordinate and promote internal innnl re- 
search programs. The bill further estab- 
lishes an Arctic Research Commission, 
whose duties would be to survey Arctic re- 
search and make recommendations to die 
Council on priorities for future rcscHich, 
to establish a data collection anti retrieval 
center, and to make grants for Arctic re- 
search, with special consideration of ne- 
glected areas. Finally, an Arctic Research 
Fund of $25 million is established in the 
form of a trust fund that would consist of 
federally appropriated monies and 
amounts contributed by the state of Alas- 
ka and private individuals or organiza- 
tions. 


Juan G. Rocderer 
Geophysical Institute 
University of Alaska, Fairbanks 
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cations Office, 2090 Florida Avenue, N.W.. 
Washington, D.C. 20009. 

Views expressed in this publication are those of 
the authors only and do not reRect official posi- 
tions of the American Geophysical Union unless 
] expressly stated. 


Cover. View west toward the Deadman 
Creek rhyolite dome of the Inyo chain of 
vents. C. Dan Miller, USGS, has obtained the 
youngest date in die region, 200 radiocarbon 
years; from charcoal in a pyroclastic flow as- 
sociated wit}) this vent. HtU [1976] found an 
anomalous seismic reflector, possibly the top 
of a magma body, ait 7 km beneath this area. 
The west wall of Long Valley caldera is the 
steep dark slope behind the dome (see/Conti- 
p. l2|t for more information). - 
(Photo supplied by Rundle and Eichelberger.) 


The Ohio State Unlvenlly/Graduate Fellow- 
ships. The Department of Geology and Mineral- 
ogy invites application* ft-nm outstanding students 
™! research imeicsis who with to study for 
the Ph.D. and M.S. degree. Applicants will compere 
rer full-time Research Fellowships, including ihe 
Shell Doctoral Fellowship, and AMOCO, Allan lie 
Richfield, J. A. BownocLer, W. J. hlcCaughcy, I. E. 
Carman, W.W.&L. Castor and University Graduate 
Fellowships. The awards provide stipends for 9 to 
1 2 months and cover in-state or out-of-state tuition 
and fees. Additional financial support Is available to 
cover field and laboratory expenses and conference 
travel. 


Potential study and research areas include (but 
arc not necessarily confined to) regional geology, 
stratigraphy, sedimcniology, micro- and macro-pale- 
ontology, isotope geochemistry, igneous attd meta- 

S morphlc petrology, geophysics, economic geology, 
uaternary geology, and glaciology. Successful ap- 
tcants wilt have opportunities for laboratory re- 
search and field work in the United States and 
abroad. Including the polar regions. 

For details of the graduate studies program, ad- 
mission materials and further information on the 
Department of Geology and Mineralogy contact Dr. 
Kenneth Foland, Chairman, Graduate Studies Pro- 
gram, Department of Geology and Mineralogy. The 
Ohio State University, Mendenhall 107, Columbus. 
Ohio 43210 jor phone: 614-422-8721). 

Completed applications must be received by Feb- 
£**57 J * 1983 for awards commencing in September 
1983. Outstanding applicants may be invitca to visit 
The Ohio State University in early 1983. 


Postdoctoral Positions in Planetary Studies. The 
Laboratory for Atmospheric and Space Physio at 
the University of Colorado has openings for two 
postdoctoral appointments. One appointment will 
be for study of Voyager observations of planetary 
rings. The other appointment will be in the field of 

r ilaneiarv viivv.iJu iM- .vrnnnniy. radiative trant- 
er. and cloud chemistry and micrnphysics. 1 lie 
Laboratory Tor Atmospheric and Space Physics is in- 
volved with the acquisition, analysis, and under- 
standing of spacecraft observations of solar system 
objects. Current active missions include Voyager, 
Pioneer Venus, and Galileo. Applications arc united 
front graduating students and recent graduates with 
experience in one or more of the above areas. The 
term of appointment is for one year with possible 
renewal nn a yearly basis; the starting salarv is ap- 
proximately $1900 per month. 

Send letter of application, resume and names of 


two references by April 15, 1983 to: 

Prof. C. A. Barth 
Laboraiuiy for Atmospheric and 
Space Phvsics 
Campus Dux 392 
University ul Colorado 

HauUlcr.CG Wttfty 

The University of Colorado is an equal opportu- 
nity/ affirmative action employer. 

Iowa Slate University of Science and Technology, 
Deportment of Earth Sciencca/Faculiy Position- 
s. Application* are inviicd ior a icnurc-iruck fami- 
ly position in nilltvi.il resources. Rank is at the as- 
sistant or associate profess. a level, dependent upon 
qualifications. The successful applicant will be ex- 
pected to develop a strong research and graduate 
student program in miucial TCiMiiuvt-tuu>nnit ge- 
ology and m-ill teach undergraduate and graduate 
courses in this subject. An applied Held orientation 
is preferred. 

Iowa State has established a Mining and Mineral 
Resources Research institute in order lu support 
and develop research and education in mineral re- 
sources. An interdepartmental graduate minor in 
Mineral Rt-smircs has also been established. In addi- 
tion to the appointment in die Department of Earth 
Sciences, there will be full opportunities to interact 
witli these programs. 

Coinpleuon oF the Ph D. prior to appointment is 
strongly preferred. In addition, research ability 
shown try other publications and/or postdoctoral or 
industrial experience will be an advantage. The po- 
sition is currently available and is expected to begin 
no Inter than September 1983. For application In- 
formation, please write to: 

Bert E. Nordlio, Chairman 
Department of Earth Sciences 
263 Science I 
Iowa State University 
Ainci, Iowa 5001 1 

Iowa State University is an equal opportunity af- 
firmative action employer. 

Exploration Geophysicists. Montana College of 
Mineral Science ana Technology announces two 
tenure track faculty positions lor Exploration Geo- 
physicists in the Department of Physics and Geo- 

S slcal Engineering starting August. 1983. Duties 
iidc teaching advanced undergraduate and 


Research Faculty Positions In Oceanography/llni- 
yersity of Southern California. Applications arc 
invited for three research faculty positions. Individ- 
uals with established records or excellence in sea-go- 
ing research programs in biological, geological, 
chemical and physical oceanography are soughs. At 
least one appointment each in geohwicBl ana biolog- 
ical oceanography Is planned. Individuals applying 
should have coastal oceanography as their major 
geographical area of interest. Special attention 
would be given to applications from interdisciplin- 
ary teams, c.g., in benthic boundary layer studies, 
interaction of plankton and circulation, chemical/ 
biological transformations, etc. These positions car- 
ry a commitment of up to 50* of salarv from USC 
sources. Appointments are expected to Ik made by 
July I, 1985. Contact: 

Dr. Richard Dugdale, Director 
Allan Hancock Foundation 
University of Southern California 
Los Angeles, CA 90089-0372 
or 

Dr. Robert Douglas, Chairman 
Department of Geological Sciences 
Umversiiy of Southern California 
Los Angeles, CA 90089-0741 
USC is an equal opponunity/afTiTmative action 
employer. 

Economic Geologlal/Waihinglon State Univer- 
sity. Washington Stale University seeks applicants 
with interests in the genesis, geochemistry, and field 
relations of mineral deposits Tor nn anticipated ten- 
ure-track position at ihe asslitani professor level be- 
ginning September 1983. 

Washington Stare University is loaned in the Pa- 
cific Northwest in a region of abundant mineral de- 
posits. The gralogy department is young, growing, 
and lias excellent facilities for geologic research, in- 
cluding a new, fully-automaten electron miern- 
prob&SEM. 

The successful applicant should have the Ph-D., 
have a sincere commitment to research, be a com- 
petent field geologist, anti be able to teach introduc- 
tory courses as well as courses in his/her specialty, 
industry experience and an interest in sedimentary 
ore deposits are desirable. 

To apply, send a statement of teaching and re- 
search interests, resume, and the names of four ref- 
erences by February l, 1983 to: 

Dr. Lawrence D. Mciucrt 
Geology Department 
Washington Slate University 
Pullman. WA 99164-2812 
Washington State University is an equal opportu- 
nity employer. 

Faculty Posicion/Environmental Engineering, Uni- 
versity of Virginia. Biological and chemical pro- 
cesses in water quality control systems and in natu- 
ral waters, beginning September I, I rift 3. The posi- 
tion requires undergraduate and graduate teaching 
anil s|uinsorcd research activities. An earned doc- 
torate is required and at least one degree in civil en- 
gineering is preferred. Industrial «r Lunsuliing 
experience is desirable. Rank will be ai ihc asiisiam 
prnfessur level :itul salary will depend upon qualifi- 
cations. Apply io: Ur. Lester A. Hoc), Chairman, 
Department of Civil Engineering, University of Vir- 
ginia. Clnuloucsvillc. Virginia 22901. Deadline for 
receiving applications is Fcbruan 15, 1983. 

An Altinnntivc Acilon/Eqiial Opportunity Ern- 
pl iver 


3 ilrcd. J'retercnce will tx* given to the applicants 
experience in electrical exploration and/or po- 
tential field methods. Research is expected. Salary 
and rank commensurate with experience. Send 
resume, letter of application, copies of graduate 
transcripts and names of three references to Vice 
President for Academic Affairs, Montana Tech, 
Butte, MT 59701. 

An equal opportunity/affirmailve action empioy- 


Faeulty Poahlon/PrinCBton University Department 
of Geological and Ceophyaical Sciences. We are 
looking lor an exceptionally creative individual in 


Texas A&M University/Faculty Positions. The 
Department of Geology invites applications for sev- 
eral tenure-track faculty positions effective Septem- 
ber 1983. Preferred specialties arc in: 

1. Engineering Geology; 

2. Clay Mineralogy with emphasis on sedimenta- 
tion, geochemistry, and diagensis: 

3. stratigraphy with emphasis on the relationship 
of sedimentation and stratigraphy to structural set- 
ting and style; and 

■f. Structural Geology with emphasis on theoretical, 
experimental, petroiabric or field studies, such as to 
complement the ongoing nine-man effort in the 
Center For Tecionophymcs. 

The Department offers programs leading to B.S., 
M.S., and Ph.D. degrees in Geology. The depart- 
ment is in the College of Geosciences, with strong 
interactions with separate departments of Geophys- 
ics and Oceanography. 

Qualified persons should submit a resume, names 
or 3 references, and a statement, of research inter- 
ests to Robert J- Stanton, Head, Department of Ge- 
ology, Texas A&M University, College Station, Tex- 
as 77843. 

Texas A&M University is an equal-opportunity af- 
firmative-action employer. 

Faculty Posllion/Bryn Mawr College. One year, 
juniorlcvel appointment for '83-84. Teaching re- 
sponsibilities; four one-semester courses, including 
undergraduate structural geology and graduate 
seminar. Additional expertise in stratigraphy, sed- 
imcntology or oceanography preferred; strong 
background in computer applications in geology dc- 
sircdT Candidates must have completed all Ph.D. re- 
quirements. Send letter of application, resume and 
transcripts lo: 

M. L. Crawford, Department or Geology 
Bryn Mawr College 
Bryn Mawr, PA 19010. 

Bryn MawT College is an equal opportunity em- 
ployer. 

Atmospheric Sclentlata/ScLentific Programmers. 
Applied Research Corporation has immediate open- 
ings (2 positions’) in the analysis of stratospheric 
ozone, temperature, and minor constituent satellite 
data. Requires extensive experience in the handling 
of atmospheric and meteorology satellite data. For 
one position, familiarity sviih stratospheric chemistry 
is required. For the other position, an atmospheric 
dynainicist is required io use this data for numerical 
modeling purposes. Computer experience on VAX 
1 1/780 and Cyber 203 or other vector machines is 
desirable. 

Candidates must have M S. or Pli.D degrees in 
atmospheric science or meteorology. These jjosi- 
lions support science and applications tasks .it 
NASA/ Goddard Spate Flight Center, Grceiihclt. 
Maryland, and require mi-site work. 

The salary range is open depending on qualifica- 
tions. Applied Research Corpoi aiiuii offers excel- 
lent ficnclils Initial appointments will lie Tor ihm* 
year (renewable up to 3 years). 

Qualified applicants should send Ifieir resume, 
names of three professional references, .md salarv 
history to: 

Dr.’S. P. S. Anaml 
Applied Research Corporation 
8201 Corporate Drive, Suite 9211 
Department EOS -I I 
Landovcr, Maryland 20785. 


lisiant Professor. Rapid increases in understanding 
of the processes and history of the earth's surfidar 
environment have come about through analytical 
and theoretical advances In many specialities, such 
as magnetic stratigraphy, day mineralogy and geo- 
chemistry, seismic stratigraphy, isotopic and micro- 
analytical jtudica of fouiw and lcdimcnu, sedinten* 
union related to crustal tectonics, and maiheFnadcal 
analysis of stratigraphic and paleontologkal data. 

We seek candidates with strong inlerdjsdplinary re- 
search interests lit ateas such as those listed, tyiUi 
the analytical skills arid foresight to work effectively 
on the frontier. Within the department, the appoin- 
tee should be able to ihke responsibility for an area 
such as stratigraphy, paleontology, or sedimentol- 
ooy, and provide a broad historical perapective. We - 
plan lo back up this appointment by bur program 
for a general expansion of laboratory ftdliues, as ■ 

P !rmuiriea should be made to: R. A. Phinney, . 
Chairman, « the above addreis. or by phone,- (M9) .. 
482-41 00. While later applleauons will be consid- 
ered, we would . like to have them by the 3 1st of Jan- 
uary, 1983, or earlier, if possible. Applicants should 
submit! resume, name* ol at least three references, , 
and a siatepteni of research plahrand priorities. ' 
Princeton University b an “P** 1 opportunity affir- 

njative action employer. . 


THEORETICAL OR 
EXPERIMENTAL SPACE PLASMA 
PHYSICISTS 

NASA-MARSH ALL SPACE FLIGHT CENTER 
Huntsville, Alabama 35812 

Two positions in theoretical or experimental space 
plasma physics are available in the Magnetospheric Physics 
Branch of the Space Science Laboratory at NASA's Marshall 
Space Flight Center. Either theoretical or experimental 
backgrounds will be considered with a preference given to 
theoretically oriented researchers to complement the exten- 
sive experimental activities of the branch. The Magneto- 
spheric Physics Branch is involved In the analysis of low- 
energy plasma data from the ISEE, SC AT HA, and Dynamics 
Explorer satellites, from sounding rockets, and from the 
Space Shuttle (STS-3). In addition, the group is presently 
carrying out the joint development of a variety of active 
space plasma experiments that will be flown on Spacelab 
One, Two, and Six. 

Salaries range from $34,930 to $41,277 per annum, 
depending on experience. 

Interested applicants may contact Dr. Charles R. 
Chappell at the Marshall Space Flight Center (205-453-3036). 
Forward resumes to the following address not later than 
March 1,1983: 

NASA-Marshall Space Flight Center 
Space Science Laboratory 
Attn: Dr. Charles B. Chappell, ES51 -R2 
Huntsville, AL 35812 

NASA 

An Equal Opportunity Employer (J.S. Citizenship Required 


-?! 
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Department Head/Texu A&M University. The 
DeparUncnt or Geology b engaged In a nationwide 
search Tor a new Department Head with die antici- 
pated starling date being September 1, 1983. Hie 
imsition is open as to salary, rank and area or inter- 
est. We are seeking a person with a national or in- 
ternational reputation in the ecological sdences who 
would take over the leadership of our research and 
leaching oriented department. 

Our larulLy currently numbers twenty three and 
will increase by three by the Fail of 1083. Construc- 
tion started in January, 1983 on a 00,000 square 
foot addition to the Hatbouly Geosciences Building. 
We currently have an undergraduate enrollment of 
over 400 students nnd there arc about 130 students 
in our graduate fM.S. and Ph.D.) program. The De- 
partment of Geology b in the College of Geosci- 
ences (Dean Gordon P. Eaton) along with the De- 
partments of Geophysics, Oceanography, Meteorol- 
ogy and Geography. The traditional strengths of 
the department are in the areas of stratigraphy, sed- 

imrntallnn. nalpnnlnlrKrv Itnlr1iim.trvinnnnhvnr« 


industry are reflected in the level of financial sup- 
port and Jobs for our students. If you would like to 
be considered for this position, please submit a re- 
cent resume along with the names of at least three 
persons who are willing to write letters of recom- 
mendation. Send Applications To: 

John H. Spang 
Chairman, Search Committee 
Department of Geology 
Texas A&M University 
College Station, Texas 77813. 

Texas A&M b an cquai-opponunlly aflirmative- 
action employer. 

Faculty PoslUons/Univerrily of Washington, De- 
partment of Geological Sciences, Position I. The 
department seeks a geologist with demonstrated suc- 
cess in teaching Introductory geology, whose pri- 


DUI T responsibility would be to teach and coordi- 
nate Geological Sciences 101, a large l«ture/lab 
course for nan-majors. Rank of Lecturer or Assisl- 
ant Professor depending on research experience 
and nvailabdiiy of funding. Beginning September 

IWrto. 

Poiuim 2. Possible opening for geologist with 
ilrong quantitative, thearctkal background as well 
as commitment to held refated studies. We are par- 
tfcularly interested in the area of economic geo- 
chemistry. Successful candidate would be expected 
to carry fiiu a rigorous research program as well as 
tti contribute to teaching responsibilities at both the 
undergraduate and graduate level. Assistant ProFcs- 
sor (tenure-track) rank, beginning September 1983. 

Ponfiwt 3. Electron irucrojirabc specialist. This po- 
sition is supported nt the 5d% level by the depart- 
wu “!™l 1 J lre (h* successful applicant to 
provide up to 50% salatysuppan from research 
grams or other sources. This is a non-icnured lacul- 
ty p^tmri ai ^e Mnk of Research Assistant Profes- 
sor. Candidates should have a record of successful 
grant -supported research in mlncraloBy/pctroloiiv 
involving use or the elec iron micro pmbe. The posi- 
tion requires supervision and operation orihe mi- 
croprobc faciHllci, and teaching one course. This 
position will be available after Jan nary IS83 

Applicants should send vita, fetter or teaching and 
ft*i«cste. ami names of four references to 
John D. Adams, Chairman, Department of Ccoloai- 
ral Scieiices, AJ-20, Umvciiity of Washington, Seal- 
tfe. w»h.ngi 0 n 98195 by 1 March 1983. * 

JkSiSZ* 1 ** ° r Washington is an affirmative 
aciton/cqual opportunity employer. 


Physical Oceanogrtphy/Memorial University of 
Newfoundland. Applications are invited for a fac- 
ulty appointment in physical oceanography which is 
to be made in the PHYSICS DEPARTMENT for 
June 1 , 1983, subject to final budgetary approval. 
Rank and salary are negotiable and commensurate 
with the qualifications oi the appointee. Consider- 
able research experience beyond a Ph.D. degree is 
preferred. The position offers a challenging aca- 
demic career with stimulating research opportuni- 
ties focussing in the Northwest Atlantic and the Ca- 
nadian Arctic. TEie Department has an active group 
engaged in field studies of fjords in Newfoundland, 
Labrador and Baffin Island and the submarine can- 
yons of the Grand Banks, and In the application of 
a numerical sea-ice model to the Labrador Sea and 
Baffin Bay. This group interacts closely with other 
occanograpliers, both Inside and outside the Uni- 
versity, through the Newfoundland Institute for 
Cold Ocean Science. 

Candidates are sought whose primary interests 
arc in theoretical investigations of continental shelf 
and coastai dynamics but ours is a new and growing 
program and qualified individuals with experience 
in any nrea of physical oceanography should apply. 
An Interest in mierdisdplinary research and co-op- 
eration would be an asset. The appointment will in- 
clude teaching duties at the graduate and under- 
graduate levels. Applications. Including curriculum 
vitae and the names of three referees, or requests 
for information should be addressed to: 

Head, Department of Physics, 

Memorial University of Newfoundland, 

Sl John's, Newfoundland, Canada, 

AIBSX7. 

Telephone: (709; 737-8738 
In accordance with Canadian Immigration regula- 
tions Ihu advertisement is directed totjnadian cili- 
rens and landed immigrants in the first instance. 

Geophyslciit/Unive ratty of Montana. The Gcolo- 
CT Department of the University of Montana is in- 
viting applications to fill a tenure track position aL 
the assistant or associate professor level with a spe- 
cialised area of geophysics beginning Sept. I983L 
Teaching and research responsibilities at the under- 
graduate and graduate levels. Research interests 
should, .combine earth geophysics Bnd geology. 

Applicant must have the Ph.D. degree or expect 
completion by rammer 1988. Those interested 
should Bend a letter or application, resume, an out- 
line ol leaching and research Interests and other 
relevant material. The applicants should arrange to 
have at least force letters of recommendation sent 
to: Arnold J. Silverman, Chairman. Department or 
Geology, University or Montana, Missoula. MT 

The deadline for applications is March 15, 1983. 

. T " e University or Montana is an affirmative ac- 
tion/equal opportunity employer. 

Assistant ProfessoriSUNY-PlatUburgh. Applica- 

ttanj arc invited for an anticipated tenure track po- 

introductory gcotogy and environmental science 

falEthbik *ir n ® of ‘fj* rolle 8 e h Champlain 
Valley which offers excellent opportunities for re- 
search and demonstration in classical Ordovician 
carbonates. The department is a recently formed 
a P nd Environmental Srfencc which 
has responsibility for a satellite campus offering op- 


portunities for student invniveri ri’sc.irc ii -mil iiuii- 
iradiiional (caching approaches. Address ;iiinlu.itiiin 
and 3 letters of reference by March 85, 198* t'»- Hr. 

Donald Adams, Director, Center for Earth I Eu- 

viroiimeniai Science, Box 200, KUNV, l'lntisliuruli, 
NY 12901. 

An Equal Oppurtiiiiiiy/Afliniinlive Aiiiun Em- 
ployer. 

University of Minnesota, Morris/Tenurc-Track Ac- 
ademic Position in Geology. The Divuimi nt Si i- 
cncc and Maibcmatirs invites applications fur ,i ten- 
ure-track position in Geology ui (lie Assist, mt I'm- 
fessor level, beginning Scjitcmlx’r Hi. 1MH3. 

E Applications are invited fnim all sneciuliies. inn 
reference will be given to those able in tear Ii Stmr- 
iral Geology nnd courses in one of the Following ar- 
eas: Mineralogy and Petrology; Geofilnsir* amt Subsur- 
face Methods; or Hydrogeology and Quaternary f.Y.i fogy. 
Participation in leaching Introductory courses and 
occasionally the summer field camp program is ex- 
pected. Previous leaching experience at the college 
level or closely related experience desired. I'lt.D. in 
hand, or in final siages of completion required. Sal- 
ary is open and competitive with other ai mleuiir in- 
stitutions. 

Emphasis will be placed on the ability to tear Ii 
and work effectively wills highly motivated under- 
graduates; research activities cnnimeiisuraic with a 
quality undergraduate Liberal Arts Program arc- te- 

The Geology Discipline offers programs leading 
m BA degrees in Geology as well as in Earth Science 
Education. There are 50 majors In the discipline, 
with upper division classes averaging 20-30 stu- 
dents. Excellent classrooms and fob Facilities avail- 
able, with computer access provided in faculty of- 
fices and most classrooms. 

UMM is a Four year public Liberal Arts cainpiis of 
the University or Minnesota, with an average enroll- 
ment of 1780 students, located in rural West Cen- 
tral Minnesota, 150 miles west of Minnenjulls/St. 

Interested applicants should send a resume, col- 
lege tranicripti, and three letters of reference to: 

Dr. James M. Olson, Chairman 
Rm 217B 

Science and Maihematlcs Division 
University of Minnesota, Morris 
Morris, MN 582G7 

THE DEADLINE FOR APPUCATION IS APRIL 
I5jl983. 

The University of Minnesota, Morris is an equal 
opportunity educator and employer and specifically 
invites and encourages applications from women 
and mmonucs. 

Faculty PoaltlWThe University of Iowa. The 
Department of Physics and Astronomy anticipates 
one or two openings for tcnure-irack assistant pro- 
Ml^r VI, dng Em S ** 1 of an 7 rank in August 

inPar£r£ r u! Ce 1 W ^ pv T n “ ™perintentalUls in 
any area for foe tenure-track positions. Current re- 
rearen interests include astronomy, atomic, con- 
densed matter, elementary panicle, laser, nuclear, 
plasma, and spec physics. The positions involve un- 
dergraduate and graduate teaching, guidance or re- 
search students, and personal research. Interested 
persons should send a nJjumd and a statement of 
research interests, and have three letters of rccom- 
mendauon sent to Search Committee, Department of 

Tkt Uniwrsit * Cm. W 

employer. " *** 


Faculty Posltlim/Nurthweiterii University Thr 
Iliquil nir lit ■ il t, t-oIngLi.il S. ini. is „ trttom aVL 
mm- iiulmilii.il whmr mirmn .m- imiUMUhle wifo 
the existing iim.ii.Ii siirugilis n| the l>.iutUiicnt 
I Iu*m; .lie m the .liras ul genphl »m. r,-, ' 

i hruusirt, M .liniruuii grulngi. |i.dr...li m u .*, ST 
.him ul s| hi Mlir.iti.iu is hjm-, 1. ..mihdjlcs 

sin mid Imsc .i to i(i.idu.tti- in. 

Mi ui in ui aiui i rs.-Ji i h Au-qqii'iiiuniiu to a tenure 

ti.li L Assim.iih | lull Mni%hi}i is .iuliii|i.||,-|{. .\iiidi. 

■ .mis shuuld siilumi ,i ii-miiiic .uni ihe u.mit-s hr 
lliiee ret vi res In. 

B.J. Wii.nl 

Uejuriiiieiii uf Gniluuii.il Sciviues 
N> ii (list ester ii Uniseisiiv 
Kv.imtuii, II. til ll*|l | 

312-492-3 1 |*J. 

The rinsing d.iir is h.4itn.ii) 18. IH« 3 . 

An vqii.il iipjiiiriimiii rni)d.isrr. 

Graduate Research AssIstanUhins in Earthquake 
and Exploration Scisnmlugy/Unlvcrsity of Ran- 
■as. I lir i.niUNiUi aiipiisiiimi ul digiul M .j 
ur.nm fur .i Jt t .MjIhiii srismit niT wi irk mvr tins 
n.v sm | the , , l nul ,d ill,- Ci-iiimI Nm.h Amrriulr 
Kill Sl.Mein .iiid the <leiel.qmu-lit ul t.'ihnfqiivs fur 
Vris Ihgli hti|iu-iuv (51111- 1 (Kill ||„ reflclim, !«?,- 

ii mb ig>j u • ivn I ee xal [*•111 .ii>|Hiiiunitii-s in,- ar.nlmic 
stud) ,il the M..S. nr I'li.l). lei el. Pur turilivriuhir- 
numun aiitl/iir ,i}i|)lic .iiinn, iiIv.im* write: 

l)r. (.c'lirge II. Knlliv, Ch.iirm.in 
(>en]>h).siLs ISnur.iiii 
Department ul tivnlugi 
University nt Kansas 
Uwreiicr. Kansas fifi(l45 
(013) K(i-M!)7-|. 

l*OSIT IONS WANTED 

Plasma Physical Applied Physics Theorist 8c Com- 
pulcr Modolcr (Ph.D.). Seeks faculty iMishinii. Nll- 
nic-i-icnl sliiiiildiiinis of pl;isni:i-slu‘.uh. liliotoslicath 
and wake intrraitiuin with 3D siKtcecraft. Oencrol- 
wcil Ianginm Probe theory and iiunspnri etlccis, 
and clcctrun-bcnm-irrjidiaiioii of solid (lialcctrics. 
Experience: eight years national laboratory; 21 
years industrial; visiting siiciiiUt at several institu- 
tions: approximately IfiO |iiihlicaiions. Box 013, 

^“P* 1 ***” 1 Union. 'J00U Florida Avenue. 
NW. Washington. D.C. 20009. 

Hydrologist/Hydrogeologisl (PhD). Seeks icach- 
ine/rcscarch position. Over six years' experience 
with university system. Entluisiasiic, vci smile teach- 
er nnd active researcher with strong record of exter- 
nal support . box 01-1. American Gcinihysic.il Union, 
2000 Florida Avenue, N.W.. Washington, D.G. 
20009. 

SERVICES. SUPPLIES. COURSES. AND 
ANNOUNCEMENTS 

Pure Mineral Crystals. Cm 1 11 [illinium, spec 
grade, purity guaranteed. Olivines, garnets. |ijrrlio- 
me. all others, worldwide, shipped on approval. Or- 
ders may require six months: pre-urder deadline— 
January 30th :md July 30th 1*183. 

Roy Vonns, C.irihu Star Route, Nedeilaud, (-0 
80'KJo, 30S-25H-3H10. 



leei 

3 

IE 


s 





Announcements 

AAAS Divisions Meet 

The 64th Annual Meeting or Pacific Divi- 
sion of the American Association for the Ad- 
vancement of Science (AAAS) and the 59th 
Annual Meeting of the AAAS Southwestern 
and Rocky Mountain Division will be held 
jointly at the Utah Slate University in Logan 
June 19-24, 1983. 1 K 

The American Meteorological Society and 
Section tv (Atmospheric and Hydrospheric 
Sciences) or the two AAAS divisions will co- 

*xr >n3 1 r pa P er sess ‘ ons ' a symposium entitled 
Man-Atmosphere Interactions in Arid and 
oemi-And Environments/ and. possibly, oth- 
er programs. Atmospheric energy, environ- 
mental pollution, and the climatology, meteo- 
rology. and hydrography of various areas are 
among the topics expected to be investigated. 

Abstracts should be sent by April 1, I 98 g 
to the program chairman, John Lier. Depan- 
nr t ^ gI i? phy and Environmental Siud- 
tes, California State University, Havward CA 
MM* (..lephon.: J IS-SBI-SIM?. Kde 
With the abstract a list or special equipment 
85 lantern slide. opaqu Bi or 

35-mm slide projectors) that wouldbe needed 
for the presentation. Details on the entire 
program, abstract format, registration, hous- 

TL a ? . trn - Sp °1 alion fan ** Qbts «in«l from 
SErifT 1 - Exc . c,,,ive Director, AAAS 
(Pnahc Dimlon), California Academy or Sci- 

94118 C,i,,e 1 f? r i- S™ Francisco, CA 

Sactt-r i 15 ' 752 ' 1554 ) Of from M. 
Mic elk fiakomb. Executive Officer, AAAS 

an - Rock y Mountain Division). 

2 m n Un,ai ' 1 f :ol,e R e * 3000 Country 
Raid 1 14. ( «le n wood Springs, CO 81691 

(telephone: 803-945-8165). 

Geophysical Year 

New Li slings ' 

The complete Geophysical Year Iasi ap- 
peared in the December 21, 1982, Eos. 

A bold rate meeting title indicates sponsor- 
imp or cosjMiuonhlp by AGU. 

, Uune IB-22, 19&3 Fifth International 
Conference ait. Finite Elements in Water Re- 

^nwnL Conforence, Department or CivU 
En^meering afid Mediankal Engineering, 
^^tyof Vermont. Bur, in rnjVT «* : 

'• j : ■ '^pMj'Meedrig'; 


of the Pacific Division or the American Asso- 
ciation for the Advancement of Science 

* and the 59th Annual Meeting of the 
AAAS Southwestern and Rocky Mountain Di- 
vision, Logan, Utah. Sponsor, American As- 
sociation for the Adavncement of Science Pa- 
cific and Western divisions. (Alan E Leviton, 
Executive Director. AAAS (Pacific Division), 
California Academy of Sciences, Golden Gate 
Park, San Francisco, CA 94118; M. Michelle 
Halcomb, Executive Officer, AAAS (South- 
western and Rocky Mountain Division), Colo- 
rado Mountain College, 3000 Country Road 
114, Glenwood Springs, CO 81601 ) 

February 1984 Ocean Sciences 1984. 
Sponsor, AGU. (John R. Apel, Assistant Di- 
rector for Planning, The Johns Hopkins Uni- 
versity, Applied Physics Laboratoryjohns 
Hopkins Road, Laurel, MD 20707 ) 

May 14-18, 1984 AGU Spring Meeting, 
Unnnnali, Ohio. (Meetings, AGU, 2000 Flor- 
ida Avenue, Washington, DC 20009.) 

May 27-31, 1985 AGU Spring Meeting, 
Baltimore, Md. (Meetings, AGU, 2000 Flori- 
da Avenue, N.W., Washington, DC 20009.) 

Changes 

Dec. 5-10, I9B3 AGU FaU Meeting, ex- 
tended one extra day. 

Meeting Report 

Continental 
Scientific Drilling 
At Long Valley- 
Mono Craters* 

Deep drilling is an Important means of ex- 
ploring the structure and conditions within 
twminemal crust. It is recognized os an im- 
portant tool in undersumdfng the structure 
orconrinental basement rocks, the nature and 
properties or thermal and volcanic regimes, 
the, amount pnd character of mineral re- 
. “utos, the rauscs and consequences of 1 

a JL d lh l “i ng ^physical ititer- 
pi'etauons based on surface and tlear-surface ■ 


:™w°rk performed at Sandia National 
Uboretorle? apd supported by the U.S. ■ 
DeDanment of Eiiercv und«r enm»r. tip 




observations [U.S. Geodynamics Committee, 

1979], A major basic research program, fund- 
ed principally by the Department of Energy 
and the U.S. Geological Survey, is now un- 
derway to assess the suitability of the Long 
Valley-Mono Craters volcanic complex for 
deep drilling under the auspices of the ther- 
mal regimes portion or the Coniineiu.il Scicn- 
unc Drilling Program (CSDP). Sdeiuirtc in- 
vestigators participating In the site assessment 
represent several agencies, national labora- 
tories, and universities, as well as the private 
sector. 

Much of the current effort has its origins in 
a series of unsolicited proposals submitted to 
uie Geosciences Research Program in the Of- 
fice of Basic Energy Sciences or the U.S. De- 
partment of Energy. Proposal of the Long 
Valley-Mono Craters region as n thermal re- 
gimes site for CSDP was based upon the cri- 
teria that a location (1) have an active mag- 
ma/ hydrothermal system, (2) be a geophysi- 
cally definable target, and (3) be exemplary 
of an important class of systems whose results 
are generally applicable to other sites. The 
history of intense silicic volcanism in the re- 
gion, continuing essentially to the present 
with both explosive and effusive eruptions as 
recently as a few hundred years ago (see cov- 
er figure) provides ample evidence of an ac- 
ttve crustal magma system, the most aedve 
rhyolitic system in the conterminous United 
States. Extensive areas of hot springs, fuma- 
roles, and hydrothermal alteration are the 
surface expression of a large hydrothermal 
system beneath Long Valley that has been ex- 
plored, to some extent, by drilling. More lo- 
calized systems are likely near the recently ac- 
tive vents of Mono Craters and Mono Lake 
Anomalous seismic reflections and waveforms 
01 seismic waves propagating through the re- 
gion, together with persistent earthquake 
swarms and ongoing surface deformation co- 
inciding with volcanic structures, suggest the 
presence of magma at drillable depths be- 
neath Long Vallfiy. The cbritinuqiion, and in- 
deed greater abundance, of young volcanic 
features northward into the Mono region 
raises the possibility that geophysical obxerva- 
Uon, may detect magma beneath this area as. 
well. Condtuons are favorable for defining a 
magmatic target beneath the Mono Crate™ • .. 

' 22? r th ®^M'dvv costal atnicture is 

- relftUveJy simpic. FinaUy. ihdividuaJ volcanic 

: * r 31f C ,l ^ ion appe?P 10 rapl’esent. 

. jrorB drilling would. therefortibe Applicable, C; 

- ■ to other iftembersidf thi* 


Regional Setting and Geologic 
History 

Geophysically, the Iamg Valley-Mono Cra- 
ters volcanic complex sits directly astride the 
important Ixumdary between Sierran liuse- 
nicnt structure and the exleusiotml regime of 
the Basin and Range. Coinciding with this 
change in die style of crust til deformation is a 
dramatic change in the thenmil regime [Lach- 
eiibntrh et al., 1970], To the west, on the Sier- 
ra Nevada escarpment, measured heat flows 
are typically 50% lower than they tire just a 
few kilometers to the east. 

This major boundary within the continen- 
tal crust lias been the locus of intense vulcan- 
ic activity during Pleistocene and Holocene 
lime. Volcanism In the Long Valley-Mono 
Craters region [Unity et al., l‘J7fi] began 
about 3 m.v. ago with widely scut lured malic 
eruptions, bui hccainc more concentrated 
nnd more silicic in character 2 m.y. to 1 m.y. 
ago with the development of the Glass Moun- 
tain complex, an accumulation of high silica 
rhyolite Hows and icplirn resembling the 
modern Mono Craters. These small-to-mod- 
erate volume explosive and effusive events 
were followed by the cataclysmic eruption 0.7 
m.y. ago of 600 km 3 of rhyolite magma to 
Form the Bishop Tuff, accompanied by 2-8 
km or subsidence in the source region to 
form Long Valley caldera. Caldera collapse 
occurred in part along an arcuate fracture 
zone defined by Class Mountain vents, sug- 
gesting a relationship between the Glass 
Mountain eruptions and the large shallow 
magma body responsible for the Bishop Tuff 
eruption. Uplift of the west-central caldera . 
floor to form the resurgent dome and intra- 
caldera eruptions quickly followed caldera 
collapse, and about 1 km of tephra and tuffa* 
ceous lake sediments were deposited, Al- 
though the Bishop Tuff is nowhere exposed 
within the caldera, results from three moder- 
ate-depth drill holes, combined with gravity . 
and seismic data, revealed that more than 
half the total volume of .the tuff is contained 
1979]" tHiS atruc,ural de P«iMlpn [Hildreth, 

Intracaldera eruptions span most of the 
time after caldera collapse up. to the present; 
and many of these eruptions vented froth the 
western portion of the ring* fracture zone. In 
general this; activity is characterized by ddcHm 
ing volume and silica content and increasing 
crystal content with flnxei Hildreth has docu- 

mented, chemical zonation within 1 the Bishop . 
.Tuff magma,, and Bailey et aj; have ipterpret- 
ed the post-caldera empiion history aa thc '' 

\ ‘ of succesaiveiy deeper levels pf 0 t . 
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Craters, an arcuate arrangement of huge 
domes and stubby Rows with major associated 
tephra deposits, and the much smaller and 
compositionally more diverse Mono Lake 
group of vents. The arc defined by the Mono 
Craters vents can be traced through nearly 
360" as a zone of mylonitization and faulting, 
perhaps marking the boundary of the foun- 
dering roof of a magma chamber [Kistler, 

1966]. Within the last thousand years, signifi- 
cant eruptions have occurred at both ends of 
the Mono Craters chain and possibly in Mono 
Lake. These eruptions included development 
of a new chain of vents, represented by the 
Inyo Domes and Inyo Craters, extending 
southward from the tip of Mono Craters into 
western Long Valley caldera. Although these 
vents overlap the older Long Valley system, 
their eruption products bear chemical affinity 
to Mono Craters. 

Seismicity along the Sierra Nevada-Basin 
and Range boundary has also been intense 
and is responsible fat- its spectacular topo- 
graphic expression. During the great Owens 
Valley earthquake of 1872, the ground sur- 
face broke along the Sierran IVont to within 
30 km of Long Valley. Moderate events in 
the vicinity of Long Valley and Mono Craters 
occurred in 1889, 1910, 1912, 1927, 1929. 

1938, and 1941. The Hilton Creek-Laurel 
Mountain fault zone immediately to the south 
of Long Valley was the site of four M L » 6 
earthquakes from May 25-27, 1980 [ Cramer 
and Toppowda, 1980] and has been the site of 
much activity since (Ryall and Ryall [1981]; A. 
Ryall, personal communication, 1982). 

Evidence for Magma 

A variety o( data indicate that magma 
probably exists Loday underneath Long Val- 
ley and the Mono Basin. A seismic refraction 
line run in 1973 detected a suggestive reflec- 
tion just east of the southern Dead man Creek 
rhyolite dome, which is the youngest dated 
vent in the region [HiU, 1976]. This reflection 
was almost identical in waveform to the first 
part of the wave train but shifted 1 80° in 
phase, indicating passage from a higli-veloritv 
to a low-velocity horizon. On certain seismic 
ray paths through the caldera, anomalous p 
and s wave attenuation has been observed, 
possibly indicating a magma chamber at 
depth [Ryall and Ryall. 19KIJ. Several of the 
seismic events during 1980, 1981, mid 1982 
give lltc appearance of spasmodic tremor 
usually associated with volcanism (A. Ryall. 
personal communication, 1982). These 
swarms appear to be at decreasing depths oc- 
curring over the past year and a half, per- 
haps because magma is intruding progres- 
sively nearer the surface. Leveling changes or 
liji iu 25 mi [5uiiiji' r nut Chttk. I9R2] uiul 
gravity changes of up to 50 pGal (R. Jachens. 
personal communication, 1982), which 
spanned roughly the year following the May 

1980 earthquake swarm, appear to indicate 
inflation of the ground surface, possibly be- 
cause of the injection of magma at depth. 
These data suggest that the uplift was cen- 
tered on the resurgent dome and give cre- 
dence to the hypothesis that magma injection 
is occurring. Additional support for involve- 
ment of magma comes from the location or 
recent earthquake swarm activity on the 
southern ring fracture zone of the raldcra, 
nearly on line with the young Inyo vents (A. 
Ryall, personal communication, 1982). 

Mammoth Lakes — May 1982 

U was against this background of increas- 
ing tectonic, and possibly volcanic, activity 
that Lhe CSDP site assessment began. The ef- 
fort was initiated by the Office of Basic Ener- 
gy Sciences, U.S. Department of Energy, and 
has so far involved organizing sessions at the 

1981 American Geophysical Union Fall Meet- 
ing in San Francisco; in Reston, Va., with the 
U.S. Geological Survey; and an open work- 
shop and field trip held May 3-7, 1982, at 
MammoLh Lakes, Calif. The meeting at Mam- 
moth Lakes was attended by over 60 scientists 
from government agendcs, national labora- 
tories, universities, and private industry. On 
May 4 a series of presentations was given by 
scientists funded under the program who de- 
scribed previous and proposed work. On May 
5 a field trip to sites of volcanic and tectonic 
interest, traversing the entire volcanic field 
from north to south, concluded the formal 
activities. 

On May 4, presentations began with an 
overview of project obj«:tives by J. Rundle 
(Sandia National Laboratories), followed by a 
historical and national perspective of CSDP 
by R. Andrews (National Academy of Sci- 
cnees Continental Scientific Drilling Commit- 
tee). The sites under consideration for a deep 
(~10 km) drill hole were discussed along with 
the relevance to those goals of drilling in the 
Long Vailey-Morio Craters regiont D. Kreske 
(U.S. Forest Service, Iiiyo National Forest) 
discussed forest service interest in arid activi- 
ties related to geothermal development in, the 
area. She also summarized permit procedures 
and ways to increase cooperation between, the 
various investigators and the Forest Service. 

J. Eichelberger (Sandia National Labors- . 
tones) dosed the opening remarks by revjew- 
the geological significance oF the area; to ... 

CSDP. . . ' 

The scientific session opened with a djscus- . 
don of heat flow itnd a comprehensive diseus- 
slop by A. Lachenbruch (U.S. Geological Sur- ' 


vey) on the physical implications of ihe heat 
flow measurement at Aenliau Butte (ABT), 
located near die geometric center of the 
Mono Crater* ring fracture system. Lacheu- 
brudi suited that there seems to be un detect- 
able heat flow anomaly at ABT, provided 
that' background heal flow appropriate to the 
Basin and Range Province is assumed. A 
magma chamber whose roof was congruent 
with the ring fracture zone would cause a 
substantial anomaly (-'A HFU) at ABT if ii 
were closer to the surface titan 1 0 km during 
the last 0.7-1 m.y., the age of the ring frac- 
ture according to Kistler. Using a simple con- 
duction model with a chamber roof at 8 km, 
emplacement would have to be less titan 
about 300,000 years ago, and at 6 km would 
have to be less than about 150,000 years ago 
in order to avoid producing a detectable 
anomaly. Lachenbruch plans to measure heat 
flow in several 20U-ni holes to darify the 
transition from Sierran values to Basin and 
Range. J. Dunn (Sandia National Labora- 
tories) then gave a synopsis of drilling activity 
planned by Sandia. The drilling program in- 
cluded measurement of heat flow al two geo- 


physically interesting sites as well as drilling 
several instrumentation test holes. These 
holes will be bored for the purpose of testing 
a device currently under development for di- 
rectly measuring the Nusselt number in re- 
gions of convective heat flux. 

The next group was concerned with mea- 
surements related to crustal deformation and 
indudedj. Rundle, J. Whitcomb (University 
of Colorado), and R. Jachens (U.S. Geological 
Survey). Jachens began by describing his re- 
cent gravity change measurements in tiic 
Long Valley Caldera. Most of these were tak- 
en near Route 395 between Little Antelope 
Valley and Paradise Camp from June 1980 10 
October 1981. The data, which show aq much 
as -54 pGal of change, generally support the 
leveling data that imply about 25 cm of uplift 
centered on the resurgent dome [Savnge and 
Clark, 1982]. A problem in inierpretauon, 
however, is evident from the observation of 
-33 pGal change at Toni's Place on the 
southeast boundary of the caldera. Jachens 
plans to remeasure these stations as well as 
install some new ones in the Long Valley Cal- 
dera. 


Whitcomb reviewed his measurements of 
precise gravity changes in southern Califor- 
nia. This project, which is now 6 years old, 
has been conducted under the auspices of the 
NASA Gcodynainics Program and the USGS 
Earthquake Prediction Program. With the de- 
velopment and use of a new absolute gravity 
meter, a tie now exists beLwecn the southern 
California gravity net and absolute gravity 
measured at four locations in southern Cali- 
fornia, including Owens Valley Radio Obser- 
vatory. Whitcomb and Rundle plan to install 
additional stations in the Long Valley-Mono 
Craters area to monitor gravity changes and 
lo increase Lhe gravity measurements used 
for structural gravity interpretation in the 
area. 

Rundle discussed recent methods and tech- 
niques he has developed for computing 
Green's functions in layered media. These 
techniques utilize a solution to the coupled 
elastic-gravitational field equations in the 
form of a Fourier-Bessel solution integral. 
The source can be placed at arbitrary depth 
in a plane layered medium, where densities 
and elastic moduli of eacli layer can be cho- 
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sen separately. Rundle plans to continue de- in. 1979 but was internipLed by the activity at 
velopmcnt of these modeling techniques and Mount St. Helens and will resume this sum- 
to apply them lo the interpretation of struc- mer. Building on earlier tephra studies by 
tural gravity, gravity change, and deforma- Wood [1977], Miller lias identified a large 
lion data at Long Valley- Mono Craters. number of pyroclastic flow and air fall events 

Geological and geochemical investigations younger than about 2000 years in the vicinity 

were the concluding subject of the morning of the Inyo Domes and southern Mono Cra- 
session. I. Eichclbcrger described plans for lers. The youngest date of 200 radiocarbon 
chemical characterization of recent eruption years was obtained from a pyroclastic flow 
products, which must closely represent the underlying the Deadman Creek dome. Miller 
current state of magma beneath the region. also described evidence for two previously 
An important aspect of this investigation will unknown vents, one on White Wing Moitn- 

bc analysis of volatile components, especially tain and a maarlike feature south of Inyo 

water, in fresh bubble-free glasses from both Craters. In terms of volcanic hazards he em- 
tephra deposits and domes. Eichelberger phasized the wide range of plausible conse^ 
summarized results of recent work wiih H. quences from renewed activity in view of the 
West rid i indicating that these volatiles are wide distribution of recently active vents and 
magmatic and are retained in the tephra the large variations in magma composition, 

clasts in preemption concentrations because eruption mechanism, and erupted volume, 
of extremely rapid quenching. Water con- R. Bailey reviewed results from his exten- 

tencs as high as 3 wi. % have been observed sive work on the geology and petrology of 

in obsidian clasts from Cascade tep liras, or Long Valley Caldera and presented new data 

about an order of magnitude more water from his more recent and ongoing investiga- 
tion previously reported For fresh, subaerial- lion of Mono Craters. He emphasized the 

ly erupted glasses. Water contents in bubble- high, and apparently increasing, rate of mag- 
free Mono/Inyo glasses will be correlated with ma extrusion from the Mono Craters system 
other observations, such as mode of eruption, over die past few thousand years and ob- 

phase assemblage, and major and trace ele- served that there is a crude age progression 

mem composition. Comparisons will be made from the center of the Mono Craters arc of 
between vesiculated and nonvesiculatcd sam- vents to the most recendy active ends of the 
pies to investigate chemical transport during arc. Remarkable chemical homogeneity wiih- 
degassing. Sampling will be coordinated with in the arc lavas, the suggestion of a ring frac- 
teolira studies by C. D. Miller (U.S. Geologi- lure structure, and peLrologic similarity to 
cal Survey), and data from the tephra will late precaldera lavas at Long Valley indicate 

supplement petrologic studies of the young that Mono Craters may be the surface expres- 

domes by R. Hailey (U.S. Geological Survey), sion of a large crustal magma body in a pre- 
ns discussed below. Results will be applied to caldera stage of evolution. Bailey proposed a 
development of a geophysical model for the conceptual model in which the Long Valley, 
magma system and to identification of cvolu- Mono Craters, nnd Mono Lake volcanic cen- 
tionary trends in the recent magmatic activity, ters are linked to the same broad region of 

C. D. Miller presented early results from melting at mantle depths, but with each hav- 

his work involving tephra studies and volcan- ing a distinct system at crustal depths. In this 

ic hazard assessment in the Long Valley/ view the Long Valley system is a mature. 

Mono (.raters area. This investigation began shallow, chemically zoned, perhaps largely 


crystallized magma body, with the Mono Cra- Smvcy) oinlined the seismic rclraiiinn tcch- 
ters being fed by a deeper, newly arrived, tuque* they will use. AImiui hut veitiral-com- 
and perhaps more homogeneous reservoir in puiiciit. fhrcc-g.iiii-!e\el au.ilug in orders will 
the inidcrust. The Mono Lake system does Iw nuplnvcd lor miiiio 1H huielmle shuts of 

not yet have a well-established crustal resei- vuiyiug Mit-ngili. I he in Hiding an.iys will a , 

voir. Bailey concluded with a .suiiinuiry ■»! hrst probably lie laid nut with a roughly 

plans for geodedc monitoring of western iiorili-suuili line along Route llflfi lumi Muno 

Long Valley Caldera; lie was motivated hy Lake down to loin's I 'hue and an east -west 
the recent leveling results on the resurgent line from Walker Like to Motto Mills, This 

dome. arrangement will allow IhhIi siuuturai deter- 

J. Hermance (Brown University), F. Mom- minatiou within the Mono Ciatets ring frac- 

son (University of California at Berkeley and tin e zone and t l.irilit atiou ol the reflector at 

Lawrence Berkeley Laboratory), and N. 7-km depth in the vicinity of Headman 

Goldstein (Lawrence Berkeley Laboratory) Creek. Analysis methods will employ two-di- 
began the afternoon session by discussing iiieiuwnial ras -tracing methods in routine use 

magnet otelluric (MT) techniques iu be used at the USGS. These method* involve two-ili- 
in crustal sounding. Hermnnce discussed die meusknial gradients a* well as irregular layer 
passive MT method, which he is airrcnily us- struct me. Jo n huge extent, plaits lor smil- 
ing in the Mono Craters area. His prclimi- mer I MW will ilvpeml on results nhiiiined 

nary results indicate no magma reservoir, lie during summer hlK2. 
plans to increase the area of coverage and K. McNally (University of California at 

would generally like to keep the area under Santa Cruz) began hy reviewing the historic 

consideration as large as possible. Morrison seismicity iu the area and discussed the need 

and Goldstein described active MT loch- Tor accurate locations anil focal mechanisms 

niaues they used in Nevada and at the Valles from local events. Stic also briefly outlined 

Caldera in New Mexico to obtain conductivity the oilier tasks of her proposal group, which 

profiles as a function of depth. They dis- include collection and modeling or hroail- 

cussed the nonuniqueness inherent in the baud tclcseismic waveiorms, statistical studies 
method, specifically the problem that near- of local srismk ily, waveform modeling of fo- 
surface very high conduct ivlty layers, such as cal data, and tectonic modeling and synihc- 
hot saline water, can mask a signal cone- ses. 

sponding to high-conductivity magma at A. Kyall (University ol Nevada) presented • 

depth. Additionally, they mentioned die seismicity patterns in the area derived from '• 

highly three-dimensional nature of the inca- data collected on the Reno regional network, 
su cements and the difficulties involved in in- Seismicity prior to die May HMD eauhqnake ’ 
ter preting plane-layer models. Morrison and sequences shows temporal variations sugoes- 

Goldstein plan to try their methods in the live of activity precursory to strong earth- 
Mono Craters area and believe they can de- quakes. In general, activity decreased from 
tea magma if it exists at shallow depth be- October 1977 to September I97H, followed by- 

cause of the lack of an extensive hy-drmher- bursts of activity. A magnitude 5.7 short 25 l 

mal system there. km northwest ol bishop occurred on October 

l he remainder 0 r the afternoon was devot- 4, 1978. followed hy die May 198U activity. F. 
ed to a discussion of seismic methods. D. Hill. Ryall and A. Kyall have recently discovered a 
”■ M °oney. and G. Fuis (U.S. Geological location on the southwest caldera rim from 
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ing. They noted that this may signal the ousel 
of magma migration lo shallow depths. Ryall 
plans to continue monitoring both in the 
Lung Valley area and in the Adobe Hills rc- 
8'? n northeast, where other anomalous 
seismicity has occurred. Me also plans teleseis- 
mic p delay studies lo assess the possible pres- 
ence of magma within the Mono Basin and 
Adobe ITill.s. 

L. Burdick (Wnudwurd-Clyde Consultants} 
discussed various waveform modeling tech- 
niques planned lot use with the broadband 
leleseismir data, regional aftershock data, anti 
NTS micleai shot arrival*. For the most part 
these techniques ate ray codes developed at 
Caltech and Wotidwarrl-Clydc for synthetic 
waveform modeling Rv the additional use of 

. liinii: clnnniLiiJikb .u r.Ul ..u.uloi - 

techniques, laterally lieteiogeiioits siriicnncs 
can be modeled iu addition to plaitc-laycrcd 
structures. Specifically, these techniques will 
be used lo seat ch for *,.i phases reflected off 
the top of a magma chamhiT and also lo ex- 
amine regional /’ (|l plmses propagating across 
suspect areas. These elforts will he the pri- 
mary responsibility of Burdick, L). Helm- 
berger (Caliecli), and T. Wallace (Caltech). 

Finally, H. M. Iyer and H. Stiinhur (U.S. 
Geological Survey) dcscrilK.'d ilte ft delay tcch- 
nit|iies they plan in use in studying structure 
beneath the Mono Craters ring Itaciure. 
These techniques have been used by Iyer and 
to- workers on data collected in Long Valley, 
Yellowstone, the Geysers, KixiseveU I lot 
Springs, and n number of other areas. They 
interpret /i delays hy use of an Aki-ty|ie mod- 
el in which the crust is divided up into a sc- 
ries of three-dimensional blocks, each with H» 
osvn velocities. Suuibcr descriljed some prob- 
lems with thrcc-dimcnsiounl ray tracing codes 
of this type which necessitate the use of 
scaled down variables in the solution matrix. 
One problem, brought out hy floor discus- 
sion, is the neglect of changing ray paths In 
tile inversion as block velocities are vnried. Il 
was suggested that the neglect of refraction- 
induced travel time changes might be the 
root cause for the need of scaled block veloci- 
ties. 

Scientific leadership for the field trip on -, 
the following day was provided principally by 
R. A. Bailey and C. D. Miller, with additional 
presentations by C. Cramer (California Divi- 
sion of Mines and Geology), J. Eichelberger, 
A. Lachenbruch, A. Ryall, and K. Sieh (Cali- 
fornia Institute of Technology). The empha- .' 
sis of the trip was on geologically and histori- 
cally new features of the area; young vents, 
the actively deforming resurgent dome, and ; 
new fumarolic activity. On Thursday die ' 
meeting divided into groups for discussion df 
field problems related to specific invesliga- ,• 
lions, such as gravity, seismic refraction stud- 
ies, and heat flow. Before many of the panic-. 

had departed. Mammoth Lakes was 
shaken by another earthquake swarm, again 
centered at shallow depth. in the southern 
P-tt of the ring fracture zone. It is aridclpal- 
ed that with continued' cooperation and ex- 
change of ideas of l fie sort in evidence at the-, 
meeting, an evaluation of the area as a site 
for deep 1 scientific drilling Will be accom- 
pljshed Withiri 3 years. 
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Travel Grants to 
IUGG General 
Assembly 

Deadline for applications: 
January 31 1983 

AGU has applied to the Nation- 
al Science Foundation for a grant 
to assist the travel of Individual U.S. 
scientists to the 18th General As- 
sembly of the IUGG to be held In 
Hamburg. Federal Republic of 
Germany, August 15-2/, 1983. In 
anticipation of favorable action 
by NSF, application forms for Indi- 
vidual grants are available from: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 
[Telephone: 202/462-6903 
or toll free: 800/424-2488) 


AGU 

Congressional Science 
Fellowship 

The Individual selected will spend 
a year on the staff of a congressional 
committee or a House or Senate 
member, advising on a wide range 
of scientific issues as they pertain to 
public policy questions. 

Prospective applicants should have 
a broad background In science and 
be articulate, literate, flexible, and 
able to work well with people from 
diverse professional backgrounds. 
Prior experience in public policy Is 
not necessary, although such experi- 
ence and/or a demonstrable interest 
in applying science to the solution of 
public problems Is desirable. 

The fellowship carries with it a sti- 
pend of up to $27,000, plus travel al- 
lowance. 

Interested candidates should sub- 
mit a letter of intent, a curriculum vi- 
tae, and three letters of recommen- 
dation to AGU. For further details, 
write or call Member Programs Divi- 
sion, Congressional Fellowship Pro- 
gram, American Geophysical Union, 
2000 Florida Avenue, N.W., Wash- 
ington, D.C, 20009 (telephone: 462- 
6903 or 800-424-2488 outside the 
Washington, D;C, area). 

Deadline: March 31, 1983 
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Applications 

Received 


Applied lions for membership have been re- 
ceived from the following individuals. Their 
proposed primary section affiliation is shown 
after the name. 

Regular Member 

Richard Fisher (SS), K. J. Gajewski (A), 
Jonathan C. Gradie (P), Alan Kau (V). Bur- 
ton Mack Kennedy (V), Gordon D. Kraft (S). 
Arthur F. Krueger (O), Dale Mnry Licata (O), 
Bernard N. Meisner (A). Donald H. Minkel 
(T), Gregory A. Neumann (GP), Lm Sang Oh 
(O), Donald D. Runnells, Arthur H. Thomp- 
son (V). Michael E. Thomas (GP), Peter B. 
Wriglu (A). 

Student Member 

Jefferey T. Anagnostou (S), Eninianouil P. 
Baluavias (G), Phillip C. Bryan, Anne Chin 
(H), Donald A. Dolske (O), P. M. Donahue 
(H), Sean Donovan (T), Stephen L. Durden 
(O), Larry R. Flynn (V), Jean-Clande Griesser 
(V), J. Lynn Hall fP), Mark F. Haijes (S), Paul 
L- Heller IT). Barbara Hoag fH). Timothy J. 
Hoar (T). Ian Huggins (V), Martha Ellis jor- 
dan (Tj. Thomas C. Jusier (V).John Kerber 
(O), Kimberly S. KirehofI (S), Josh Levin 
(SS). Rebecca E. Marvil (O), John D. McCal- 
pin (O). Alfred S. McEwen (P). Firdaouss 
Mouauia (H), Michelle Moustakas (H), John 
F. Mueller, Jr. (O), Adriana C. Ocampo (P), 
Barbara J. Perin (S), Brian Rader (S), Phillip 
Rarey (O). Kasra Rasiani fSM), David 
Schneider, Joyce Schrocdcr (S). Hayden Solo- 
mon (V). Mark Siuruick (V). Ping-Sheng Tsui 
(H), Bruce F. Watson (T). Gary J. Wiens (Hi, 
Bonnie M. Williamson (V). 

Associate Member 

Jn Rllen M. Albcrhaskv (H), Pctrina Mao. 
Lisa Petersen (V), David Hume Scars (V), 
Carroll D. Shearer (S). 
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Gwendolyn Hofier 


Michael W. Howell 


Darryl J. Keith 


Gone A. Norman 



Mary-Ann Earn *i- 
Ramlru 


Alex M. Richards 


John F. Vargas 


Dawn J, Wright 


AGU Scholars 

In recognition of the strong support and 
substantial contribution given by the Ameri- 
can Geophysical Union to the American 
Geological Institute's Minority Participation 
Program) 16 of the 1982-83 scholarship re- 
cipients were designated 'AGU Scholars.' 
Because of a matching grant from the Na- 
tional Oceanographic and Atmospheric Ad- 
ministration to increase the number of mi- 
nority students studying in fields related to 
the development of marine and coastal re- 
sources. five of this gioup were designated 
'AGL 1 Sea Gram Scholars. - The AGU Schol- 
ars, all of whom are following courses of 
studv related to AGU's broad areas of inter- 
est. ate Torin J. Edwards, a student of geo- 
physics at the University or New Orleans; 
Gwendolyn Holler, geophysics, Virginia 
Slate University; Jolecia Mitchell, environ- 
mental sciences, Howard University: Louis 


F. Mon del, gcohydrology. Northern Arizona 
University; Alex M. Richards, geophysics. 
Northern Arizona University; Roxanne C. 
Rogers, geophysics, Colorado School of 
Mines; John F. Vargas, geophysics. Univer- 
sity of Kansas; Toni M. VanDam, geophys- 
ics. University of Colorado; Edith G. Wil- 
liams, geophysics, Stanford University; 
Saundra F. Willis, geosciences, California 
State University, North ridge; and Lacy U. 
Ward, geophysics, Virginia State University. 

The AGU Sea Scholars arc Mary-Ann 
Eames- Ramirez, a student of marine geolo- 
gy ai the University of Southern California; 
Michael W. Howell, oceanography. Univer- 
sity of Michigan; Darryl J. Keith, oceanogra- 
phy, University of Rhode Island: Gene A. 
Norman, oceanography. University of Mary- 
land; and Dawn J. Wrigl it, oceanography, 
Wheaton College. 

Eamcs-Kumire/, Keith, Nurnian. and 
Wright have been AGU Scholars in prim 
years. 



Separates 

To Order: The order number can be 
found at the end of each abstract: use all 
digits when ordering. Only papers with 
order numbers are available from AGU. 
Cost: $3.50 for the first article and $1.00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


Solar Physics, Astrophysics, 
and Astronomy 

7710 Co coot 

Slow Shook* Around chi Bun 

Y. C. Khans (Dapartnac ot Kao tunic lL Boilnaarlni, 
Catholic Uni vanity of Saarlca, 

Va thing too, D. C. ZOOM) 

IC rafarrad team dila atudy Chat •arwtohydro- 
dpualo iIh ahocka oan azJiE la the viola tty at Che 
aun. Th* icody uaai a no-hola corona Mdai, cha 
aub-Al (vasts Itcaw originating tram tha adga of tha 
polar opan-fiaU raglona are forced to tarn toward* 
equator io coronal apase following tha curved boundary 
of tha cloud field rigioo. Khan tha atriaalinoa (too 
cha oppoalta poles Barge at a onitrsl point, their 
direction* beccoa parallel to tha nautral nhsat. An 
ebliqUB alow ahoek nan davalop near or at tha nautral 
point, the ■ hock axunda pslmrda to fora a aurfaca 
nr diasootlnulty around tht nun. (Corona, oagnato- 
hydradyaanlc sin aback). 

Csophyi. Ra*. Lett., Papar ZU 307 

7780 EtactraHMtlc Radiation 

A three-cohmnEnt MODEL OF THE VARIABILITY OF THE SOLAR . 
ULTRAVIOLET FLUX: 145-200 Iff. 

J. L. Lain (Cooparatfvt I intitule for Ruairch In Envl- 
rowital SctciKM, CIRES, Unfnrsfty of Col ora do/ MOM, 
Boulder, Colorado, 80309), 0. R. Hhlta, H. C. Llvlngi- 
tan. D. F. Heith, R. F. Donnally and A. Skiaanich- , 

A thrM-ettSKMiit nodal ho bam davalapad to axinlna 
tha variation with tolar activity or tha far ultravio- 
let ImdlaiK* batMan 145 and 200 im, Thl» udal It 
baiad on ipatlalty resolved ohiarvatlons of tha Ca II 
K efcronuphera and Includai tha contributions to tha 
full dlst flu* frx> both pliga and actlva-natMork a^j- 
afon. Ida 27 day ogdulatlcn of. tha ultraviolnt fliw fa 
ixptafnad hy tha evolution and rotation of tha plan* 
ragfom tha tolar disk. Ovar tha longw ttao dtala 
of the altar year orclo ft ti usentfal that changai- 
fn the actlva-nathork arlifng fro* tha dacw of. plaga 
raglont alto ba conif derad a* a source of ultraviolet 


7720 ElcELrcnagnacic hdlatlan 

DETAILED OBSERVATIOHB OF THE SOURCE OP TEKKEETRIAL 
NARROWBAND ELZCTROKACHETIC RADI ATI 0H 
W. S. Purth (Dept, of Fbyaica and Astrsnoav, Tha 
Unlvarilty of Iowa, Idvi City, IA SHU) 

Va praam data I lad ohlarvat <oni of a raglaa near tha 
rerraatrlal plaanapouaa whara narrowband alactcoMg- 
natla radiation (pravloualy called aaoaptrg □onchtroal 
contlnuua radiation) la being ganaracad. Thaaa nbaar- 
vattona show a direct Mrraapondanea batwaan the nar- 
rowband radio Million* and alec Iron cyclotron hi monte 
uavaa near cha upper hybrid raaonanoe fraquanoy. In 
addition, alaccroaagnaclc radiation propagarlnj in the 
Z-aoda la obiarvad In cha tauroa region Which provide* 
an aacraaaly ascuratt dacaralnaclan of tho elect ran 
plaaaa fraqtancy and, hence, desalt, profile o( lha 
a our ca region. tla datn acrongly eugRaat tha elect ro- 
BMCto uavaa and not Cannier radiation are the lOorca 
of rha beaded radio aaiailcoj and dailna the coupling 
which mac la daacrlbed by any viable choory. {narrow- 
band alaccrenegnetic radlaclnn, E-aode, Upper hybrid 
manna oca banda). 

Caophy*. Fee. Lott., Paper IL1638 

7720 Elactrwigmtlc Radiation 

ACTIVE-REGION EVOLUTION AMD SOLAR ROTATION VARIATIONS 
IN SOLAR UV 1RRADIANCE. TOTAL SOLAR IRRADIAflCE AND 
50FT Jt-RAIS 

R. F. Donnally (Space Envlromnt Labaratery, NOAA/ERL, 
Boulder, Colorado 80303), D. F. Heath and J. L. Lean 
Variations In tha tolar UK ipactral tr radiance, tha 
total tolar Inrad lanca, and solar soft X-ray Minion 
ovar days and mhka are analyzod using concurrent hbs- 
uraaanti from tha NIHBUS-7 and GOES satellites. Tha UV 


varlatioiu at wavalengthi (160-400 im) of Interest to 
ozone photbcJHnlitry and the physic* of tba Middle at- 
■osptara are emphasized. Tha non flare varlatioiu stu- 
died are caused by two typos of procaiMst (1) tho 
birth, growth, poak. Rad decay of solar activa regions 
and ( 2 ) solar-rotation, for eunpla whan portions of 
active region i ar* occulted near tha solar llab. The 
observations are Interpreted using staple Metrical no- 
dais that relate ground-based observations of tha alia 
and location of sunspots and plages to the full -disk 
temporal variations. Tha Major dips observed In Dm 
total solar Irradlanco on August 20-23 and Hovesfear 


6-10, 1979, and April B, H&y 26, and September I, 1990, 
are accompanied by only average UV and X-ray enhanca- 
nenti. The models show that the active regions asso- 


dt sne aievB, y»*r hwi --- 

fn the actlve-nathork arising fra* tha decw of. plage 
regions also be considered as a source of ultraviolet 
Hue variability. Only by using a three nuponent 
■odal Of this solar flux Is It ppsslbla to ifHlUntous- 
ly.rppreduea the 27 dajr varlfhlllta- obterwd tej.the ■ 
Solar Baekfcattar Ultrpvlolit Esperlmf nt pn the Nfdbus 
7 ss tall Its and the chanoes fro*, the nfnlew to the . 
MXliap of tht solar activity cycle obssrvad by tha 
rockat axperleepti of. tho Laboratory for . 


apd Spare Phnfcs and by tho Extra** MlMlaiat Spec- 
tawUr on lha AteoiPMrlc . aaUllUi . -It 

Is shewn that tha AE-E rtpar leant r*a shred a tal ar 


solar cycle r»rt ability for the ultraviolet Irradlaacai 
than ,1| predicted by the aodal (JMMm * 

the spatially restricted fjeld of vlaw of thl* Instrp*. 
rent. , 

flH.lm. lea., aiua. Vafar JJlU88 


dated with tha sunspots responslbla for the najor dips 
In the total solar Irradlanca caulad strong but not 
outstanding mission entencewnts at UV and X-ray wava- 
lapgths, Tba solar-rota If gn variation are studied as 
a function of tha central Meridian dll tinea (CHD) of 
solar regions tdwra tha CM> width at half the raxlrntn 
Is narrowest for decreasss In the total solar Irradt- . 
inca ('4) , ) 1 slightly wider, and also a Function of , . 
wavelength for UV anhencaeantl («4S* at 198 rm) , wider 
Hill for the 10.7 cm radio Mux WM'), and extreme- 
ly wide for soft X-rays (< 20S*)- (Solsr, ultraviolet, 
total solar Irradlanca,. X-rayS, plages, sunspots, ac- 
tive regions, tolar rotation). 

J. Oaophyi- R«d., Rliia, Papax 3A1402 

7760 Radio Aatrooouy 

A PHASE-COW Ron Line m syrchromus satellite . 

DEVELOPED FOR VUT um BUCLINR RADIO XmiRFEROHETIT 
A. H. Knovlea (1. 0, Bulburt Center for Spaaa.Raadaroh. 

. Naval Raaiaroh Laboratory, Cod* 4133, VaaluAgton. ». a. 
30379) t U.'B. Ualteae, J. L, fan, j. Oils. D. H. Tort,. 

V. N, Cannon, 0 , DaVidaan. V, FatraohaOtoo, and J, 

Popalar .. > .. 

A bigb-praoiaioB phaaa-aoharanb linlc batwaan riMta r ' 
IntarferoMtar atetlooa baa bate div sloped, and had ten 
utilised Itt i traanOBtlntnUl radio liiterraraMter to 
uaaai'tha fauiblllky or teprnvad eitrCMlrlb mid •! • 
liodatlo paaawaeante, a dual- too* tranaolaalan Mthod 
affOotlvely oinoiu out pteao-dogradii* efftote. Ad ' " 
tiparloaakal. illan.nriabaa ourvo lndlaatei tint ' 

■t ability Of 1x10 13 HI Uhlared tear a Oi^-teur 
parlodi tte alopa.of. tht Allan varlame ourra Waa olqu 
to -1 for aU.tlaa intervals up to il hour*; -ladloaijng 
that Uta link la truly pbaaa-atabia at froqumolaa at., 
loo* to*" 1 Ml. Cheat!* in tha link path were Manured 
with an aoouraoy of 300 pteoaeoonda, oorreapohding to 10 
on, over parloda. or at.tral hour*. (Satellite link.' , 

‘ssrsn. ** 


7760 Radio aaeronemy 

FORMATION OF JOVIAN DECAHETREC S-BIfRSTS BT H0DULATED 
Electron stheahs 

D. H. Staalln (Roan 26-341, Haaaaehuaeica leailcuce 
of Tachnology, Canbrldga, Haaaaclriatcra 07139) and 
P. V. Baaankraai 

Jarlan 9-buraca that ara V shaped in tha frtgutocy- 
I tan doaaln hava bean report ed hy aavarat obaarvara. 
Thaaa caa aria* if an outward-roving v 2.S Kay alaccrca 
baan in th* Io flua tuba la longitudinally sodulated lo 
velocity by n. 1 Eav paak-to-paak, at a froquaney at 
aoveral Kartx. Such rolulalion naar tba ionospbara 
could alee explain cha difference between tha uanlnun 
obaarvad fraqueaclaa of S-burac and L-turat alialtc. 

Id ordar tor chla bean lo produce the obaarvad total 
S-burat flux, a large part of tha ' ID* A currant 
obaarvad In tha Io flua tuba trust participate. In this 
caaa tha obaervad duration of Individual S-burata In 
conalatant vltb magnate rpharic Ion dial I tie* graater 
than *u 15 a' 1 , TUB baUlatic nodal for S-burata alao 
■uggaata an Interpretation for tha origin el L-burat 
aalaaion. (Jupitar, S-bozota, radio oalaalon, 

■odulatad a lee trim bam) . 

J. Oaophyi. Boa., Blue, Paper 2AU07 

7770 Buapota 

SDH SPOT THE flEUBSl SFEC1T1W not S4CA1I UM HOD B1AT COM 
OP 7HS BALI OTCLR 

C,P, Son at t (Department of Planacacy Islaacaa, laaiar and 
riaoauty laboratory, Utalvaralty oE Arlaana, TUcaon, 
Arlaoaa B57S1) 

Harlan aneropy nun) aaalyaia of tbo auaepM tin 
ooquaoco at au tor agree alva (AX) order 100 for tha put 
two bund rod year* diaoloaaa ID ipactral lion in cbe 

S a rind interval barwaaa 40 yaara and ab-oot B yaaea, 
baas lloaa are ennaiataot With a ayothaclc Ilia 
•aquMl canalat leg of tha SI poor Ball sysla view ad aa 
a carrier thlah li -aoplitoda roduLacad by til M year 
aiaiaabarg period, Tba aqura of thla tlaa aagnaneo 
ylalda tba 90, *5 and 11 year periods with th* latter 
aotoally corn La ting of a quinta t of Lloaa, th* 
aatolUtaa aaparatad from 11 yaara bp integral aultiplaa 
ol 90 yaara- Tho addition of a aoalL of £** t from aaro 
mean of tho 22 year "aarrlar" additionally ylalda a 
quintal cant* rad about 22 yaara with aatalllti* agate 
aaparatad from tha central Lina by nultiplaa of 90 
yaara- two aota ol llaaa aotnally ovarii* one another 
finally yl aiding 10 linn, coca latent wttfc tba ayaKnua 
of tba actual (tea aaqueuea- 2hi* aodaL plaaaa tha Bala 
cycla at "caa tar *1*90", ic axplalna tba 45 year Una 
and tba 11 yaat quintal a* arttfaeta af Cbe equaling 
operation, ooaalaiaat with cha aunapnC aoqnanea being 
(aeltln daftefta, aid, bannuan af tba "aarrlar^ of fiat, 
a raliat nnra field fa auggaacad- Laacly, Oilllland 
(1911) ootaa a 7* + 8 yr radial nlgannode in Chn Bun, 
auggaatteg an aa ynt maaaaaend unaitlM to tha actual 
Ololateozg aodnlatlaa. 

OULUaii, Solar xadlua vreiatidno ovar cha paac' 265 
yaara, Ap.i., JiJ, 1144 (19B1)- 
Bnopbya. Ran. Late., Paper 2U749 

7799 Oaaaral (SoLac 'Irradtanee) 

SOLAS HIAPIAJKS VASTASMNII J. AULTS lA 09 HOOBUUB - 

wnartqBM abb DfrutaKMxnon « owohmamd data ' 

L, Oatar ( Laboratory for Planauiy Amnayhoraa, MIA/' 
Ooddard Spate Plight Cuter, StaanbnlC, her yl and 
1D77I) - . 

ifa osnauta tba fnll-dlae irradiuca at U00 MU • 
Cri0,7“) on tba baala of individual aetivq caginaa.* 
(Aka) .cm tba auai aa obaervad la tta light of tha Ca ft 
fr-lipa at 393 aia. Tha.enlac radio antealM la need 
aa n utend-te for UP rnuuneiti from above cha atacr- 
•photo, einca it doe*' eoe have algnificant call bra dor 
prablaaa, and dine# day -Ty-day rnoordi ara Avollahla ' 
for ipay yaara. Wa Uluatrata in da tell chn. Caah- ■ • 
nlqoen for parted ter I eatlnn at cha oodel eelonlatloqa 
ohlnhj with f*w nkangee, are applioabla to DV reaavra- 
■•tai In addition to tba oHallanc overall a|taaret ■ 
end tb* inproeaively olnea oorraapomianoa of day-co- 
- day' ntlatltil , na find on lofluttai of a ayatanatla 
die crap assy ba tv a an ayitl and nbearvattone over 'the., 
retire >0-yaar period, for do n find a contribution 
te cbe 1BO0 tile lrrndlaaca that la net dlreeCly ro- 
tated to individual^ Ue re the are, at rev glvda day. 

V* baUevn thet opr a paly ale, by oreparlnon with pra- - 
' vioaa Vort, la reab.rero daceilnd without being reck 
mqre epnplqa, end t)at it. offer* • nnrioui oheaee for 
re indent adapt avaluatloo of ahort-tara te tell a* , 
long-tern fluotnaciana of elm aoler obaervad lm- L ' 

. dlpnep, (Solar .irradiaaco, -plagai, 91Q.7). .. 

■3. Boophyt. Rea., Blue, Paper 2A1IF1 . 








